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Therapeutics and Diagnostics for Ocular Abnormalities 
[01] 

[02] CROSS-REFERENCES TO RELATED APPLICATIONS 

[03] 

[04] This patent application is a continuation-in-part application of U.S. S.N. 09/430, 1 95, 
filed October 29, 1999, which is a continuation-in-part application of U.S.S.N. 09/183,972, 
filed October 29, 1998. The disclosures of these previously filed applications are hereby 
incorporated by reference in their entirety for all purposes. 
[05] 

[06] STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 

[07] 

[08] Work described herein has been supported, in part, by NIH grants EY06463 and 
EY1 1515. The U. S. Government can therefore have certain rights in the invention. 
[09] 

[1 0] FIELD OF THE INVENTION 
[11] This invention relates to therapeutics and diagnostics for ocular abnormalities. 
[12] 

[13] BACKGROUND OF THE INVENTION 
[14] The normal anatomic relationship between the retina and the choroid is crucial to eye 
function. In many ocular diseases or abnormalities such as, for example, chorioretinal 
degenerations, retinal degenerations, macular degenerations and retinal detachment, the 
integrity of this relationship is compromised. One of the most common ocular disorders is 
macular degeneration (MD), a clinical term that is used to describe a variety of diseases that 
are all characterized by a progressive loss of central vision associated with abnormalities of 
Bruch's membrane and the retinal pigment epithelium (RPE) (See Figure 1). These disorders 
include very common conditions that affect older patients (age-related macular degeneration, 
or AMD), as well as rarer, earlier-onset dystrophies. 

[15] AMD is a significant cause of irreversible blindness worldwide. There is strong 
evidence that a significant proportion of AMD has a genetic foundation (Gorin et al., MB, 
Mol. Vis. 1999,5:29; Heiba et al., Genet. Epidemiol. 1994;11:51-67; Seddon et al, Am. J. 
Ophthalmol. 1997;123:199-206; and Klein et al., Arch. Ophthalmol. 1994;112:932-7). Several 
AMD loci have been identified (Weeks et al., Hum. Mol. Genet. 20009:1329-49; and Klein et 



al., Arch. Ophthalmol. 1998;1 16:1082-8). In addition, the ApoE4 allele has been shown to be 
protective for the disease (Klaver et al., Am J Hum Genet 1998;63:200-6). 
[16] The interphotoreceptor matrix (IPM) is an extracellular matrix comprised of an array 
of proteins, glycoproteins, and proteoglycans, occupying the space between the apical surfaces 
of the neural retina and the RPE. Hageman and Kuehn (1998), The Pigmented Retinal 
Epithelium: Current Aspects of Function and Disease, pp. 417-454; Hageman and Johnson 
(1991), Progr. in Ret. Res. 10:207-209; Hewitt and Adler (1989), Retina 1 :57-64; Mieziewska 
(1996), Microsc. Res. Tech. 15;35:463-471 . The IPM is crucial for normal function and 
viability of retinal photoreceptor cells. It can participates in the exchange of metabolites and 
catabolic byproducts between the retinal pigment epithelium and photoreceptor cells, the 
regulation of the subretinal ionic milieu, and the orientation, polarization, and turnover of 
photoreceptor outer segments (Marmor et al., Arch. Ophthalmol. 1995;1 13:232-8; Bok et al., 
Arch. Ophthalmol. 1993;111:463-71; Hageman et al., Proc. Natl. Acad. Sci. U.S. A 
1991;88:6706-6710; Hewitt et al., The retinal pigment epithelium and interphotoreceptor 
matrix: Structure and specialized function, In: T. Ogden, Editor Retina, St. Louis, MO, C.V. 
Mosby Co., 1989, 57-64; and Lazarus et al, Invest. Ophthal. Vis. Sci. 1992,33:364-375). IPM 
proteoglycans have been shown to mediate photoreceptor cell adhesion (Yao et al., Invest. 
Ophth. Vis. Sci. 1990,31:2051-2058; Hageman et al., Arch. Ophthalmol. 1995;113:655-660; 
Marmor et al, Retina 1994;14:181-186; and Hollyfield et al., Retina 1989,9:59-68). IPM 200 
and IPM 150 may also mediate photoreceptor cell survival by sequestration of growth factors 
(Hageman et al., Proc. Natl. Acad. Sci. U.S.A, 1991, 88:6706-6710; and Alberdi et al., 
Biochem. 1998, 37:10643-52) or through the EGF-like domains contained within their core 
proteins (Kuehn and Hageman, Mol. Cell Biol. Res. Commun. 1999; 2:103-1 10; Kuehn and 
Hageman, Matrix Biology 1999;18:509-518; and Kuehn et al., Mol. Vis. 2000;6:148-56). 
[17] Photoreceptor cells are highly vulnerable to dysfunction and/or death in various 
heritable retinal dystrophies and degenerations (Stone et al., Prog. Retin. Eye Res. 
1999;18:689-735). Nucleotide sequence variations in the genes encoding a number of retinal 
proteins are associated with the etiology of various retinal degenerations. For example, 
mutations in the genes encoding retinal rhodopsin, beta-phosphodiesterase, rab geranylgeranyl 
transferase, rim protein, and the RP1 gene product cause retinal degeneration (Dryja et al., 
Nature 1990;343:364-6; McLaughlin et al., Nat. Genet. 1993;4:130-4; Guillonneau et al., 
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Hum. Mol. Genet. 19998:1541-6; Allikmets, Nat. Genet. 1997;17:122; and Seabra et al., 
Science 1993;259:377-81). 

[18] Cone matrix sheaths (CMSs), distinct domains of the IPM that contain chondroitin 6- 
sulfate proteoglycan and surround cone photoreceptor cells, have firm attachments to both 
RPE cells and the neural retina. This adhesive system is sufficiently strong to detach the RPE 
or tear the CMS following manual separation of the neural retina from the RPE. Hageman et 
al.(1995), Arch. Ophthalmol. 113:655-660. The role of IPM constituents in mediating retinal 
adhesion has been investigated following subretinal or intravitreal injections of various 
enzymes into rabbit eyes and examination of the consequent morphological, biochemical and 
physiological changes in retinal structure and function. Chondroitinase ABC, neuraminidase 
and testicular hyaluronidase, three enzymes that degrade oligosaccharides known to be 
constituents of the IPM, caused diffuse loss of adhesion that is associated with changes in 
peanut agglutinin (PNA)-binding to CMSs, without affecting photoreceptor function (based on 
ERG recordings). Yao et al (1990),/«ves/. Ophthalmol. Vis. Sci. 31:2051-2058; Yao et al. 
(1992), Invest. Ophthalmol. Vis. Sci. 33:498-503. Enzymatic cleavage of IPM- associated 
chondroitin sulfate glycosaminoglycans leads to a rapid decrease of retinal adhesiveness in 
both rabbits and primates in vivo. Yao et al (1990), Invest. Ophthalmol. Vis. Sci. 31:2051- 
2058; Yao et al. (1994), Invest. Ophthalmol. Vis. Sci. 35:744-748. In addition, disruption of 
proteoglycan synthesis in vivo leads to loss of CMS -associated chondroitin 6-sulfate 
proteoglycans, IPM disruption, localized retinal detachments and photoreceptor outer segment 
degeneration. Lazarus and Hageman (1992), Invest. Ophthalmol. Vis. Sci. 33:364-376. 
Restoration of retinal adhesion, which recovers steadily between 5 and 20 days following 
exposure to chondroitinase and neuraminidase, correlates closely with the re-establishment of 
the normal distribution of PNA-binding glycoconjugates in the IPM. Restoration of impaired 
adhesion is concomitant with the de novo biosynthesis of IPM chondroitin sulfate 
proteoglycans. Yao et al. {1992), Invest. Ophthalmol. Vis. Sci. 33:498-503. Thus, it is likely 
that specific components of the IPM act as major adhesive elements bridging the RPE-retina 
interface, and that these elements are critically dependent on the metabolic function of RPE 
and neural retina cells in the microenvironment of the IPM. 

[19] Studies in which monkey and human eyes are removed immediately following 
euthanasia or optic crossclamp, respectively, and the retinas partially "peeled" from the RPE 
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reveal that CMSs remain firmly attached to both the apical RPE and neural retina and elongate 
up to 4-6 times their normal length in eyes peeled within 45 seconds of enucleation. 
Additional peeling separation results in separation of the entire RPE from Bruch's membrane, 
or splitting of the CMSs. These results suggest that adhesion between CMS constituents and 
the RPE or photoreceptors is stronger than that of the integrity of the CMSs themselves and, as 
such, provide evidence that CMSs have characteristics consistent with their participation in the 
establishment and maintenance of retinal attachment. Hageman et al. (1995), Arch. 
Ophthalmol 113:655-660; Yao et al. (1990), Invest. Ophthamol. Vis. Sci. 33:498-503. 
[20] IPM proteoglycans can be involved in the differentiation and maintenance of specific 
retinal cells and/or with the establishment of physical interactions between photoreceptor and 
RPE cells. Recent studies have demonstrated that chondroitin sulfate-containing 
proteoglycans are first detectable in the mouse IPM a few days prior to the elaboration of 
photoreceptor outer segments. In human retinas, CMS constituents bound by PNA and the 
chondroitin 6-sulfate antibody (AC6S) are expressed at a time during development when 
rudimentary cone outer segments first differentiate. Concentrated accumulations of PNA- 
binding constituents are observed at 17 to 18 weeks. Chondroitin 6-sulfate is first detected in 
the IPM between 20 and 23 weeks, when rudimentary cone outer segments begin to 
differentiate and is solely associated with cone outer segments. At this time, cone 
photoreceptors are well-polarized and enlarged domes of IPM are associated with them. 
These studies suggest that there is a staggered expression of PNA- and AC6S-containing IPM 
constituents, and that the CMSs and IPM constituents can be necessary for subsequent cone 
outer segment differentiation and survival. This contention is further supported by 
observations that photoreceptors exhibit some degree of polarity but are unable to maintain 
differentiated outer segments in culture. In addition, RPE-conditioned medium causes a 
significant increase in the number of embryonic chick photoreceptor cells forming outer 
segment-like structures in vitro and stimulate their survival and differentiation. 
[21] A number of studies suggest a correlation between changes in IPM composition and 
the etiology of photoreceptor demise in some degenerations. In the"Royal College of 
Surgeons" (RCS) rat, or mucopolysaccharidosis VII (MPS VII) mouse, for example, 
alterations in the distribution of IPM chondroitin 6-sulfate proteoglycan occur prior to 
photoreceptor degeneration. Chu et al. (1992), Graefes Arch. Clin. Exp. Ophthalmol. 230:476- 



482; Johnson et al. (1989), Inherited and Environmentally Induced Retinal Degenerations, pp. 
217-232; Lazarus et al. (1993), Exp.Eye Res. 54:531-541; Porello and LaVail (1986), Curr. 
Eye Res. 5:981-993. Similarly, intravitreal injection of p-D-xylopyranoside, a sugar that 
inhibits GAG chain addition to proteoglycan core proteins, results in cone outer segment 
degeneration following loss of CMS-associated chondroitin 6-sulfate. These studies strongly 
indicate that disruption of the normal synthesis or turnover of chondroitin sulfate 
proteoglycans can lead to cone outer segment degeneration. 

[22] The density of rods with abnormal IPM has been shown to increase in correlation with 
increasing quantities of macular drusen, extracellular deposits in Bruch's membrane associated 
with AMD. Preliminary analyses of neutral and amino sugars from the IPM of retinas with 
and without significant numbers of these "PNA-binding rods" show a decrease in IPM sialic 
acid concentration. In addition, the densities of PNA-binding rods correlate with drusen 
grade. The incidence of cone degeneration in these same eyes can be as high as 30-40%, in 
contrast to age-matched controls without significant macular drusen, where cone 
photoreceptor loss is approximately 12-15%. These studies provide direct evidence that 
changes in IPM proteoglycan composition are associated with drusen, and that these changes 
can be related to photoreceptor dysfunction and visual loss that occurs in individuals with 
AMD. 

[23] The vitronectin receptor (VnR) is associated with apical RPE and cone photoreceptor 
outer and inner segment plasma membranes. VnR co-localizes with components of apposed 
CMSs at these cell surfaces, and with actin cables within apical RPE microvilli and cone 
photoreceptor inner segments. Based on the known functions of VnR, it is likely that its 
interaction with IPM ligands can modulate other cellular activities, such as translation of 
external cues into signals that affect cytoskeletal organization or modification of other IPM 
ligands. 

[24] Discovery of novel IPM components allows identification of novel therapeutic and 
diagnostic agents for diseases or conditions associated with abnormal IPM, such as retinal 
detachment, chorioretinal degenerations, retinal degenerations and macular degenerations such 
as AMD, or other dystrophies or degenerations involving IPM, cones or rods. 
[25] 

[26] SUMMARY OF THE INVENTION 
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[27] In one aspect, the invention provides isolated or recombinant IPMC (e.g., IPM 1 50 or 
IPM 200) polynucleotides. The IPMC polynucleotides comprise a nucleotide sequence or its 
complement, wherein said nucleotide sequence hybridizes under stringent conditions to (i) at 
least 540 contiguous nucleotide residues of SEQ ID NO: 1, 3, 5, or 27; (ii) at least 216 
contiguous nucleotide residues of SEQ ID NO: 16, 18, or 20; or (iii) at least 100 contiguous 
nucleotide residues of SEQ ID NO: 8, 10, 12, 14, 23, or 25. Some of the IPMC 
polynucleotides comprise, or are complementary to, (i) at least 540 contiguous nucleotide 
residues of SEQ ID NO: 1, 3, 5, or 27; (ii) at least 216 contiguous nucleotide residues of SEQ 
ID NO: 16, 18, or 20; or (iii) at least 100 contiguous nucleotide residues of SEQ ID NO: 8, 10, 
12, 14, 23, or 25. Some of the IPMC polynucleotides comprise, or are complementary to, the 
sequence set forth in any one of SEQ ID NOs: 1, 3, 5, 8, 10, 12, 14, 16, 18, 20, 23, 25, and 27. 
[28] Some of the IPMC polynucleotides comprise a nucleotide sequence or its complement, 
wherein the nucleotide sequence encodes a IPMC polypeptide comprising (i) at least 180 
contiguous amino acid residues of SEQ ID NO: 2, 4, 6, or 28; (ii) at least 72 contiguous amino 
acid residues of SEQ ID NO: 17, 19, or 21; or (iii) at least 33 contiguous amino acid residues 
of SEQ ID NO: 9, 11, 13, 15, 24, or 26. Some of the IPMC polynucleotides comprise a 
nucleotide sequence encoding the amino acid sequence of SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 
17, 19,21,24, 26, or 28. 

[29] In other aspects, the invention also provides vectors comprising a promoter of an 
IPMC gene operatively linked to one of the above-described IPMC polynucleotides. Some of 
the vectors comprise a promoter that is obtained from the sequence set forth in SEQ ID NO: 7 
or 22. 

[30] In another aspect, the present invention provides isolated or recombinant IPMC 
polypeptides which comprise an amino acid sequence that is substantially identical to (i) at 
least 180 contiguous amino acid residues of SEQ ID NO: 2, 4, 6, or 28; (ii) at least 72 
contiguous amino acid residues of SEQ ID NO: 17, 19, or 21; or (iii) at least 33 contiguous 
amino acid residues of SEQ ID NO: 9, 1 1, 13, 15, 24, or 26. Some of the IPMC polypeptides 
comprise (i) at least 180 contiguous amino acid residues of SEQ ID NO: 2, 4, 6, or 28; (ii) at 
least 72 contiguous amino acid residues of SEQ ID NO: 17, 19, or 21; or (iii) at least 33 
contiguous amino acid residues of SEQ ID NO: 9, 1 1, 13, 15, 24, or 26. Some of the IPMC 
polypeptides comprise the amino acid sequence set forth in any one of SEQ ID NOs: 2, 4, 6, 9, 
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11, 13, 15, 17, 19, 21, 24, 26, and 28. In other aspects, the invention also provides anti-IPMC 
antibodies that specifically bind to IPMC polypeptides. 

[31] In still another aspect, the invention provides methods for treating or preventing the 
development of a disease or condition in a subject by administering to the subject an effective 
amount of an IPMC therapeutic. In some methods, the disease or condition to be treated is 
photoreceptor death. In other methods, the disease or condition to be treated is retinal 
detachment. In some methods, the IPMC therapeutic administered is a IPMC polynucleotide. 
In some methods, the IPMC therapeutic administered is a IPMC polypeptide. In some 
methods, the IPMC therapeutic is an antibody that specifically binds to an IPMC polypeptide. 
[32] The present invention further provides methods for identifying a compound capable of 
modulating IPMC gene expression in a cell. The methods comprise (i) incubating a cell with a 
test compound under conditions that permit the compound to exert a detectable regulatory 
influence over an IPMC gene, thereby altering the IPMC gene expression; and (ii) detecting an 
alteration in said IPMC gene expression. In some methods, the IPMC gene to be modulated is 
human IPM 150 gene or human IPM 200 gene. 
[33] 

[34] BRIEF DESCRIPTION OF THE FIGURES 
[35] Figure 1 is a schematic representation of retina and choroid. (A) As seen in 
histological section, (B) Retinal neurons shown diagrammatically. A, amacrine cells; B, 
bipolar cells; BM, Bruch's membrane; C, cone cells; CC, choroidocapillaris; ELM, external 
limiting membrane; G, ganglion cells; GCL, ganglion cell layer; H, horizontal cells; ILM, 
inner limiting membrane; INL, internal nuclear layer; IPM, interphotoreceptor matrix; IS, 
inner segments of rods and cones; IPL, internal plexiform layer; NFL, nerve fiber layer; ONL, 
outer nuclear layer; OPL, outer plexiform layer; OS, outer segments of rods and cones; PE, 
pigment epithelium; PRL, photoreceptor layer; PT, photorecptor cell terminals; RC, rod cells; 
ST, stroma vascularis of choroid. 

[36] Figure 2 is an alignment of the N-terminal amino acid sequences of rat IPMC 200 
protein (SEQ ID NO: 29), human IPM 200 (SEQ ID NO: 17), monkey IPM 200 (SEQ ID NO: 
24), pig IPM 200 (SEQ ID NO: 30), human IPM 150 (SEQ ID NO: 28), monkey IPM 150 
(SEQ ID NO: 15), and pig IPM 150 (SEQ ID NO: 31). 
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[37] Figure 3 is an alignment of the human IPM 150 and IPM 200 amino acid sequences 
(amino acid 14-748 of SEQ ID NO: 28 and amino acid 16-1078 of SEQ ID NO: 17, 
respectively). 

[38] Figure 4 shows organization and comparison of the IPM 200 (top) and IPM 150 
(bottom) genes and their encoded proteins. Regions of high sequence homology are indicated 
by black boxes, regions of moderate homology are indicated by dark shaded boxes and regions 
displaying low sequence homology are represented by lightly shaded boxes. The borders 
between exons are marked by vertical lines. Thin horizontal lines indicate the insertion of 
gaps. EGF-like domains are represented by ovals and the hydrophobic, putative 
transmembrane domain of IPM 200 is depicted by a diamond. 
[39] 

[40] DETAILED DESCRIPTION OF THE INVENTION 

[41] Overview 

[42] The present invention is based, at least in part, on the discovery of a novel family of 
mammalian polynucleotides and proteins isolated from the interphotoreceptor matrix (IPM). 
This newly identified gene family is referred to as the interphotoreceptor matrix component or 
"IPMC" gene family. Members of the IPMC gene family have been identified in humans, 
monkey, cow, goat, rabbit, dog, cat, pig, mouse and rat IPM. Two subfamilies of IPMCs are 
designated the IPM 150 (also termed "IMPG1") family and the IPM 200 (also termed 
"IMPG2") family, respectively, based upon sequence similarity and homology of the various 
mammalian cDNAs, genes and proteins to human IPM 150 or human IPM 200 cDNAs, genes 
and proteins, respectively. The core proteins of primate IPM 150 and IPM 200 proteins are 
unique, based on partial amino acid sequences obtained from the N-terminal and internal 
peptides, and on deduced amino acid sequences obtained from a PCR product derived from 
monkey and human retinal cDNA encoding portions of IPM 150 and IPM 200. Partial amino 
acid sequences of the N-termini of IPM 150 and IPM 200 are similar, but exhibit specific 
inter- and intra-species differences. 
[43] 

[44] A. IPMC sequences 
[45] 1 Human IPM 150 
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[46] The IPM 150 gene is located on chromosome 6ql 3-ql 5, between markers 
CHLC.GATA1 1F10 and D6S284, which region also contains loci for progressive bifocal 
chorioretinal atrophy, autosomal dominant Stargardt's-like macular dystrophy, North Carolina 
macular dystrophy and Salla disease. Kelsell et al. (1998), Am. J. Hum. Genet. 53:274-279; 
Felbor et al. (1998), Cytogenet. Cell Genet. 81:12-17; Gehrig et al. (1998), J. Med. Genet. 
35:641-645. 

[47] SEQ ID NO: 1 shows cDNA sequence of human IPM 150, isoform A. It encodes 17 
exons with boundaries as follows: exon 1 (1-195), exon 2 (196-431), exon 3 (432-595), exon 4 
(596-627), exon 5 (628-688), exon 6 (689-797), exon 7 (798-934), exon 8 (935-996), exon 9 
(997-1015), exon 10 (1016-1265), exon 11 (1266-1340), exon 12 (1341-1421), exon 13 (1422- 
1953), exon 14 (1954-2174), exon 15 (2175 2373), exon 16 (2374-2449), and exon 17 (2450- 
3268). The corresponding amino acid sequence of human IPM 150 isoform A is shown in 
SEQ ID NO. 2. It contains a signal peptide (residues 1-20), a NH-terminal domain (71-88), 
conserved domain 1 (95-1 15), conserved domain 2 (575-646), and an EGF-like domain (688- 
731). 

[48] SEQ ID NOs: 27 and 28 are the cDNA sequence and amino acid sequence encoding a 
variant of human IPM 150 isoform A. Compared to SEQ ID NO: 2 (full length human IPM 
150 protein sequence), SEQ ID NO: 28 lacks the last 25 amino acids but has nine residues at 
the C-terminal that are not present in SEQ ID NO: 2. 

[49] Two human IPM 150 cDNA splicing isoform sequences, IPM 150 isoform B and 
isoform C have also been identified. The cDNA sequence of isoform B is shown in SEQ ID 
NO. 3. The open reading frame corresponds to residues 2-2140. Compared to isoform A, 
Isoform B has a deletion of exon 2 (at residue 50). It encodes a 719 amino acids human IPM 
150 isoform B protein (SEQ ID NO. 4). The amino acid sequence has a signal sequence 
(residues 1-20), a conserved domain (residues 497-568), and an EGF-like domain (residues 
586-628). 

[50] IPM 1 50 isoform C contains an insertion after exon 5 and a stop codon at nucleotide 
744, creating a truncated protein with a hydrophobic carboxyl terminus. The cDNA and 
amino acid sequences encoding human IPM 150 isoform C are shown in SEQ ID NOs. 5 and 
6. SEQ ID NO. 5 has an ORF from residue 94 to residue 744. Compared to isoform A, IPM 
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150 isoform C has an insertion of exon 5B (residues 713 to 774). SEQ ID NO. 6 has a signal 
sequence (1-20), a N-terminal domain (residues 71 to 88), and a conserved domain (95-1 15). 
[51] The regulatory region of human IPM 150 gene is shown in SEQ ID NO. 7. Residues 
1-1069 of SEQ ID NO. 7 are the upstream IPM 150 promoter sequence. Residues 1070 to 
1268 in SEQ ID NO. 7 correspond to exon 1. 
[52] 

[53] 2. Mouse IPM 150 

[54] The mouse IPM 150 gene is located on chromosome 9, between markers D9Mit264 
and D9Mit265. SEQ ID NOs. 8 and 9 are cDNA and amino acid sequences of mouse IPM 
150 isoform A, respectively. Residues 196-2589 of SEQ ID NO. 8 correspond to the open 
reading frame. The 798 amino acid residues of SEQ ID NO. 9 contain a NH-terminal domain 
(71-80), conserved domain 1 (95-125), a mucin-like domain (405 to 577), conserved domain 2 
(576-657), and an EGF-like domain (697-740). 

[55] The cDNA and amino acid sequences of mouse IPM 150 cDNA isoform D are shown 
in SEQ ID NOs. 10 and 1 1. Mouse IPM isoform D cDNA sequence (SEQ ID NO. 10) does 
not contain nucleotides 264-493 and 1487-2251 of mouse IPM 150 isoform A cDNA sequence 
(SEQ ID NO. 8). SEQ ID NO. 10 has an ORF from residue 140 to residue 1537. The 
deletions are located at residues 205 and 1 198 of SEQ ID NO. 10, respectively. The mouse 
IPM 150 isoform D protein has a signal sequence (1-20), a conserved domain (21-49), and an 
EGF-like domain (360-408). 

[56] SEQ ID NOs. 12 and 13 are cDNA and amino acid sequences encoding mouse IPM 
150 isoform E. Compared to isoform A (SEQ ID NO. 8), SEQ ID NO. 12 has a deletion at 
position 325 that corresponds to residues 372-1788 of SEQ ID NO. 8. Residues 1-20 of SEQ 
ID NO. 13 encode a signal peptide. 
[57] 

[58] 3. Monkey IPM 150 

[59] SEQ ID NO. 14 is a cDNA sequence encoding monkey IPM 150. It encodes a 185 
amino acid sequence (SEQ ID NO. 15). The monkey IPM 150 protein sequence (SEQ ID NO. 
15) has a NH-terminus domain (residues 1-18) and a conserved domain (residues 24-244). 
[60] 

[61] 4. Human IPM 200 
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[62] The human IPM 200 gene is located on chromosome 3, 5.76cR from the marker WI- 
3277 in the region of 3ql2.2-12.3. Human IPM 200 appears to be a homolog of PG10.2 and 
mouse IPM 200. SEQ ID NO. 16 is the cDNA sequence of human IPM 200 (isoform A). The 
human IPM 200 cDNA sequence has O- and N- linked glycosylation consensus sequences, as 
well as glycosaminoglycan attachment sites, two EGF-like domains, a transmembrane domain 
and clustered cysteine residues. It encodes 19 exons; exon 1 (1-274), exon 2 (277-525), exon 
3 (526-692), exon 4 (693-724), exon 5 (725-774), exon 6 (775-857), exon 7 (858-1019), exon 
8 (1020-1078), exon 9 (1079-1099), exon 10 (1100-1344), exon 11 (1345-1430), exon 12 
(1431-1734), exon 13 (1735-2993), exon 14 (2994-3213), exon 15 (3216-3426), exon 16 
(3427-3613), exon 17 (3615 3825), exon 18 (3826-3906), and exon 19 (3906-4166). 
[63] The human IPM 200 cDNA encodes a membrane bound isoform of human IPM 200. 
SEQ ID NO. 17 shows the amino acid sequence of human IPM 200. It has a signal peptide 
(residues 1-29), a N-terminus domain (82-92), conserved domain 1 (106-130), conserved 
domain 2 (898-979), an EGF-like domain (1050-1092), a transmembrane domain (1097-1 127), 
and a cytoplasmic domain (residues 1128-1241). In addition, residues 154-156, 301-303, 320- 
322, 942-944, and 956-958 contain N-glycosylation sites, and residues 603-606 contain a 
GAG attachment site. 

[64] The cDNA and amino acid sequences encoding human IPM 200 isoform C are shown 
in SEQ ID NOs. 18 and 19. Residues 90-1385 of SEQ ID NO. 18 correspond to the open 
reading frame. Compared to isoform A cDNA sequence, SEQ ID NO. 18 has a deletion at 
position 1327 of residues 1431-1668 of SEQ ID NO. 16 (part of exon 12). SEQ ID NO. 19 
has a signal sequence (residues 1-29), a NH-terminus domain (82-92), and a conserved domain 
1 (106-130). 

[65] SEQ ID NOs. 20 and 21 are the cDNA and amino acid sequences encoding human 
IPM 200 isoform F. Compared to SEQ ID NO. 18 (isoform A), the cDNA sequence of 
isoform F has a deletion at residue 188 which corresponds to nucleotides 310-3461 of isoform 
A. Residues 1-29 of SEQ ID NO. 21 encode the signal peptide. 

[66] The upstream regulatory sequence of human IPM 200 is shown in SEQ ID NO. 22 
(residues 1-1450). Residues 1451-1723 and 2177-2425 correspond to IPM exons 1 and 2, 
respectively. 
[67] 
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[68] 5. Mouse IPM 200 

[69] Mouse IPM 200 cDNA and amino acid sequences are shown in SEQ ID NOs. 23 and 
24. Residues 2-3208 of SEQ ID NO. 23 correspond to the open reading frame. This sequence 
encodes a partial mouse IPM 200 protein sequence (SEQ ID NO. 24) which lacks a N- 
terminal portion of the protein. The mouse IPM 200 protein sequence contains O- and N- 
linked glycosylation consensus sequences which correspond in position to those in the human 
sequence, with a hydrophobic domain which can constitute a transmembrane domain. Mouse 
IPM 200 appears to be a homolog of PG10.2, an uncharacterized sequence tag expressed in the 
pineal gland and retina of rats. 
[70] 

[71] 6. Monkey IPM 200 

[72] SEQ ID NO. 25 shows a partial cDNA sequence of monkey IPM 200. The open 
reading frame is from residue 188 to residue 546. It encodes a N-terminal fragment of 
monkey IPM 200 protein (SEQ ID NO. 26). Residues 82-1 14 of SEQ ID NO. 26 correspond 
to a native NH-terminus domain. 

[73] In addition to human, mouse, and monkey IPM sequences discussed above, partial 
amino acid sequences of rat IPM 200, pig IPM 200, and pig IPM 1 50 molecules are shown in 
SEQ ID NOs: 29, 30, and 31, respectively. 

[74] IPMC sequence identity in different species has been found by sequence alignment. 
For example, an alignment of IPM 150 and IPM 200 N-terminal amino acid sequences from 
humans, monkeys and pigs reveals a high degree of sequence conservation between the 
species (Fig. 2). Sequence identity is also found between IPM 150 and IPM 200 molecules. 
Figures 3 and 4 show alignment between amino acid sequences of human IPM 150 and IPM 
200. 
[75] 

[76] B. Characterization and Functions of IPMC molecules 
[77] Unless otherwise noted, characterization of IPM 150 and IPM 200 molecules is 
described with reference to the sequences of human IPM 150 isoform A and human IPM 200 
isoform A. The amino acid sequence of human IPM 150 isoform A revealed a novel protein 
that is generally hydrophilic except for the first 18 amino acids, which form a hydrophobic 
region flanked by charged amino acid residues. The amino acid sequence features O- and N- 
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linked glycosylation consensus sequences, an EGF-like domain, a single glycosaminoglycan 
attachment consensus sequence, two clusters of cysteine residues, and two potential 
hyaluronan binding motifs. 

[78] There are four consensus sequences for N-linked glycosylation (Kornfield and 
Kornfield (1985), Ann. Rev. ofBiochem. 54:631-664) sequestered in the amino-terminus 
(amino acid residues 42, 143, 191 and 215) and four probable consensus sequences in the 
carboxy-terminus (amino acid residues 592, 616, 630 and 648) portions of the human IPM 150 
core protein. In contrast, the central domain of IPM 150 (between amino acid residues 221 
and 565) contains 16 sites which are suitable for O-linked glycosylation, as predicted by a 
proposed algorithm for the activity of polypeptide N-acetylgalactosaminyl-transferase (amino 
acid residues 221, 222, 407, 433, 435, 441, 442, 443, 445, 470, 497, 527, 531, 537, 561 and 
565). Hansen et al. (1995), Biochem. J. 308:801-813. There is almost no overlap between the 
regions containing potential O- and N-linked glycosylation sites. Further, a glycosaminogycan 
(GAG) attachment site is located at amino acid residue 296. 

[79] Several cysteine residues are also present in the amino- and carboxy-terminal regions 
of the IPM 150 core protein. The distribution of the carboxy-terminal cysteine residues 
closely resembles that of EGF-like domains (Rees et al. (1988), EMBO J. 7:2053-2061) 
(amino acid residues 688-73 1), motifs that are present in many extracellular matrix proteins. 
One reported function of the domain is to promote the survival of neighboring cells. Thus, 
this region of IPM 150 can have a role in promoting photoreceptor viability in vivo. This 
contention is supported by previous studies indicating that the IPM, and more specifically its 
proteoglycans, are important in maintaining photoreceptor cell viability. Lazarus and 
Hageman (1992), Invest. Ophthalmol. Vis. Sci. 33:364-376; Blanks et al (1993), Exp. Eye Res. 
57:265-273. 

[80] Hyaluronan is an IPM component (see, Hageman and Kuehn ( 1 998), The Pigmented 
Retinal Epithelium: Current Aspects of Function and Disease, pp. 417-454; and Korte et al. 
(1994), Microscopy Res. Tech. 29:344-349). It is also known that hyaluronidase disrupts 
CMSs in vitro and weakens retinal adhesion in vivo. On the other hand, the N-terminus of 
IPM 150 possesses hyaluronan binding domains. Thus, IPM 150 can play a role in retinal 
adhesion through interaction with hyaluronan. For example, hyaluronan can play a role in 
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stabilizing the IPM through interactions with CD44, IPM 150, IPM 200 and perhaps other 
insoluble IPM constituents. 

[81] With the exception of the amino-terminal signal sequence, which appears to be 
removed during the maturation of IPM 150, the core protein does not possess any other 
hydrophobic regions that would constitute transmembrane domains. This indicates that IPM 
150 is secreted into the interphotoreceptor space and is not membrane intercalated. Based on 
previous studies indicating a role for IPM proteoglycans in adhesion of the neural retina to the 
RPE (Hageman et at. (1995), Arch. Ophthalmol. 1 13:655-660; Hollyfxeld et al. (1989), Retina 
9:59-68; Yao et al. {1992), Invest. Ophthalmol. Vis. Sci. 33:498-503; Yao et al. (1994), Invest. 
Ophthalmol. Vis. Sci. 35:744-748), IPM 150 can act as a bridging element between membrane- 
associated molecules on the photoreceptor and RPE cell surfaces to effect retinal adhesion. 
For example, IPM 150 can bind to the vitronectin receptor, which is localized to the surfaces 
of photoreceptor outer segments and the apical microvilli of RPE cells. The chondroitin- 
sulfate glycosaminoglycans of IPM 150 might also participate in retinal adhesion, through 
receptors like CD44 (Toyama-Sorimachi et al. (1995), J. Biol. Chem. 270:7437-7444), an 
adhesion molecule associated with Miiller cell apical microvilli in mice and humans 
(Hageman and Kuehn (1998), The Pigmented Retinal Epithelium: Current Aspects of Function 
and Disease, pp. 417-454). 

[82] Human IPM 150 cDNA probes hybridize to a 3.9 kb transcript that is present in 
relatively high abundance in retinal RNA. A larger transcript of approximately 6.5 kb is also 
detected, albeit at a much reduced signal strength. Distinct hybridization of IPM 150 antisense 
riboprobes to the human retinal outer nuclear layer (ONL) was observed on sections of human 
retina, RPE and choroid. IPM 150 transcripts are present within both rod and cone 
photoreceptor cells. In addition, IPM 150 (or a related molecule) is transcribed in non-ocular 
tissues. Dot-blot analyses of mRNA derived from a variety of human tissues indicate that IPM 
150-derived probes hybridize to human adult and fetal lung and thymus, as well as to adult 
kidney and small intestine. In addition, ESTs partially homologous to the IPM 150 cDNA 
sequence have been identified from human endothelial cell and brain cDNA libraries. 
[83] The mouse IPM 150 amino acid sequence also has O- and N-linked glycosylation 
consensus sequences, an EGF-like domain, five glycosaminoglycan attachment consensus 
sequence, one cluster of cysteine residues, and several potential hyaluronan binding motifs, 
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which correspond in position to those in the human sequence. Northern blot analysis suggests 
that IPM 150 mRNA is expressed in retinal tissue. 

[84] The human IPM 200 cDNA sequence encodes nineteen O-linked glycosylation sites 
(amino acid residues 183, 191, 400, 408, 430, 439, 482, 496, 533, 537, 556, 624, 718, 730, 
801, 813, 815, 822, and 870) and six N-linked glycosylation sites (amino acid residues 154, 
301, 320, 370, 942 and 956). The IPM 200 cDNA encodes a GAG attachment site at amino 
acid residue 604. IPM 200 may also be expressed in non-ocular tissues (Wang et al., Molec. 
Brain Res. 1996; 41:269-278; and Acharya et al, J Biol Chem 2000;275:6945-55). 
[85] The above data indicate that IPMC molecules function generally as extracellular matrix 
proteins in a number of tissues, and in particular play a role in retinal adhesion (e.g., by 
interacting with hyaluronan). The evidence also indicate that abnormal IPMC activities can be 
involved in diseases or conditions such as retinal detachment or chorioretinal degeneration. 
[86] 

[87] C. The subject invention 

[88] In accordance with the above-described discovery, the present invention provides 
IPMC polynucleotides, IPMC polypeptides encoded by the IPMC polynucleotides, and 
antibodies that are specific for the IPMC polypeptides. 

[89] The present invention provides methods for diagnosing the presence or a predisposition 
to the development of an ocular disorder associated with abnormal IPMC activities (e.g., 
retinal detachment or macular degeneration). The invention also provides methods for treating 
or preventing the development of ocular disease or disorders related to abnormal IPMC 
activities using IPMC therapeutics. IPMC therapeutics include, but are not limited to, IPMC 
polynucleotides, IPMC polypeptides, and IPMC polypeptide specific antibodies. The present 
invention also provides methods for establishing IPMC expression profiles for ocular diseases 
or disorders, and methods for diagnosing and treating an ocular disease or disorder using such 
expression profiles. 

[90] Polynucleotide arrays comprising IPMC polynucleotides are also provided. IPMC 
nucleic acids or polynucleotides of the invention are useful for inclusion on a GeneChip™ 
array or the like for use in expression monitoring (see US 6,040,138, . EP 853, 679 and 
W097/273 1 7). Such arrays typically contain oligonucleotide or cDNA probes to allow 
detection of large numbers of mRNAs within a mixture. Many of the nucleic acids included in 
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such arrays are from genes or ESTs that have not been well characterized. Such arrays are 
often used to compare expression profiles between different tissues or between different 
conditions of the same tissue (healthy vs. diseased or drug-treated vs. control) to identify 
differentially expressed transcripts. The differentially expressed transcripts are then useful 
e.g., for diagnosis of disease states, or to characterize responses of drugs. The IPMC nucleic 
acids of the invention can be included on GeneChip™ arrays or the like together with probes 
containing a variety of other genes. The IPMC nucleic acids are particularly useful for 
inclusion in GeneChip™ arrays for analyzing ocular tissues or cells. The IPMC nucleic acids 
can be combined with nucleic acids from other genes having roles in ocular diseases or 
disorders (as described above). Such arrays are useful for analyzing and diagnosing cells in 
ocular diseases such as retinal detachment. Such arrays are also useful for analyzing candidate 
drugs for roles in modulation of a disease state. 
[91] 

[92] II. Definitions 

[93] Unless defined otherwise, all technical and scientific terms used herein have the same 
meaning as commonly understood by those of ordinary skill in the art to which this invention 
pertains. The following references provide one of skill with a general definition of many of 
the terms used in this invention: Singleton et al, Dictionary of Microbiology And 
Molecular Biology (2d ed. 1994); The Cambridge Dictionary of Science and 
Technology (Walker ed., 1988); and Hale & Marham, The Harper Collins Dictionary of 
Biology (1991). Although any methods and materials similar or equivalent to those 
described herein can be used in the practice or testing of the present invention, the preferred 
methods and materials are described. For convenience, the meaning of certain terms and 
phrases employed in the specification, examples, and appended claims are provided below to 
assist the reader in the practice of the invention. 

[94] The term "an aberrant activity", as applied to an activity of a polypeptide such as an 
IPMC protein, refers to an activity which differs from the activity of the wild-type or native 
polypeptide or which differs from the activity of the polypeptide in a healthy subject. An 
activity of a polypeptide can be aberrant because it is stronger than the activity of its native 
counterpart. Alternatively, an activity can be aberrant because it is weaker or absent relative 
to the activity of its native counterpart. An aberrant activity can also be a change in an activity 
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or in its binding characteristics. For example an aberrant polypeptide can interact with a 
different target peptide. A cell can have an aberrant IPMC protein activity due to 
overexpression or underexpression of the gene encoding an IPMC protein. 
[95] The terms "abnormal" or "abnormality" refers to a condition which differs from that 
found normally. Such abnormality when referring to a sequence means a change in the 
sequence such as an addition, deletion or change (e.g., substitution of nucleic acid or amino 
acid for another nucleic acid or amino acid, respectively). For example, such abnormality 
when referring to protein activity means a change in the expression level of RNA or protein, 
RNA or protein turnover, activity or binding characteristics. Such abnormality when referring 
to a medical condition means a difference in the structure, function or composition of an 
organ, system, cell or organism. 

[96] The term "agonist" refers to an agent that mimics or upregulates (e.g. potentiates or 
supplements) or otherwise increases an IPMC bioactivity. An IPMC agonist can be a wild- 
type IPMC protein or derivative thereof having at least one bioactivity of a wild-type IPMC 
protein. An agonist can also be a compound which increases the interaction of an IPMC 
polypeptide with another molecule, e.g., an upstream region of a gene, which is regulated by 
an IPMC transcription factor. 

[97] The term "allele", which is used interchangeably herein with "allelic variant" refers to 
alternative forms of a gene or portions thereof Alleles occupy the same locus or position on 
homologous chromosomes. When a subject has two identical alleles of a gene, the subject is 
said to be homozygous for the gene or allele. When a subject has two different alleles of a 
gene, the subject is said to be heterozygous for the gene. Alleles of a specific gene can differ 
from each other in a single nucleotide, or several nucleotides, and can include substitutions, 
deletions, and insertions of nucleotides. An allele of a gene can also be a form of a gene 
containing a mutation. The term "allelic variant of a polymorphic region of an IPMC gene" 
refers to a region of an IPMC gene having one or several nucleotide sequences found in that 
region of the gene in other individuals. 

[98] The term "antagonist" refers to an agent that downregulates (e.g. suppresses or 
inhibits) at least one IPMC bioactivity. An IPMC antagonist can be a compound which 
inhibits or decreases the interaction between an IPMC protein and another molecule, e.g., an 
upstream region of a gene, which is regulated by an IPMC transcription factor. Accordingly, a 
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preferred antagonist is a compound which inhibits or decreases binding to an upstream region 
of a gene, which is regulated by an IPMC transcription factor and thereby blocks subsequent 
activation of the IPMC protein. An antagonist can also be a compound that downregulates 
expression of an IPMC gene or which reduces the amount of IPMC protein present, e.g., by 
decreasing protein synthesis or increasing protein turnover. The IPMC antagonist can be a 
dominant negative form of an IPMC polypeptide, e.g., a form of an IPMC polypeptide which 
is capable of interacting with an upstream region of a gene, which is regulated by an IPMC 
transcription factor, but which is not capable of regulating transcription. The IPMC antagonist 
can also be a nucleic acid encoding a dominant negative form of an IPMC polypeptide, an 
IPMC antisense nucleic acid, or a ribozyme capable of interacting specifically with an IPMC 
RNA. Yet other IPMC antagonists are molecules which bind to an IPMC polypeptide or its 
receptor and inhibit its action. Such molecules include peptides, antibodies and small 
molecules. 

[99] The term "antisense sequences" refers to polynucleotides having sequence 
complementary to a RNA sequence. These terms specifically encompass nucleic acid 
sequences that bind to mRNA or portions thereof to block transcription of mRNA by 
ribosomes. Antisense methods are generally well known in the art (see, e.g., PCT publication 
WO 94/12633, and Nielsen et al., 1991, Science 254:1497; Oligonucleotides and 
Analogues, A Practical Approach, edited by F. Eckstein, IRL Press at Oxford University 
Press (1991); Antisense Research and Applications (1993, CRC Press)). 
[100] "Biological activity" or "bioactivity" or "activity" or "biological function", which are 
used interchangeably, for the purposes herein means an effector or antigenic function that is 
directly or indirectly performed by an IPMC polypeptide (whether in its native or denatured 
conformation), or by any subsequence thereof. Biological activities include binding to a target 
nucleic acid e.g., an upstream region of a gene, which is regulated by an IPMC transcription 
factor. An IPMC bioactivity can be modulated by directly affecting an IPMC polypeptide. 
Alternatively, an IPMC bioactivity can be modulated by modulating the level of an IPMC 
polypeptide, such as by modulating expression of an IPMC gene or by modulating the 
turnover of the IPMC protein. 

[101] The term "bioactive fragment of an IPMC polypeptide" refers to a fragment of a full- 
length IPMC polypeptide, wherein the fragment specifically mimics or antagonizes the 
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activity of a wild-type IPMC polypeptide. The bioactive fragment preferably is a fragment 
capable of interacting with e.g., an upstream region of a gene, which is regulated by an IPMC 
transcription factor. 

[102] A "chimeric polypeptide" or "fusion polypeptide" is a fusion of a first amino acid 
sequence encoding one of the subject IPMC polypeptides with a second amino acid sequence 
defining a domain (e.g. polypeptide portion) foreign to and not substantially homologous with 
any domain of an IPMC polypeptide. A chimeric polypeptide can present a foreign domain 
which is found (albeit in a different polypeptide) in an organism which also expresses the first 
polypeptide, or it can be an "interspecies", "intergenic", etc. fusion of polypeptide structures 
expressed by different kinds of organisms. 

[103] A "delivery complex" shall mean a targeting means (e.g. a molecule that results in 
higher affinity binding of a gene, protein, polypeptide or peptide to a target cell surface and/or 
increased cellular or nuclear uptake by a target cell). Examples of targeting means include: 
sterols (e.g. cholesterol), lipids (e.g. a cationic lipid, virosome or liposome), viruses (e.g. 
adenovirus, adeno-associated virus, and retrovirus) or target cell specific binding agents (e.g. 
ligands recognized by target cell specific receptors). Preferred complexes are sufficiently 
stable in vivo to prevent significant uncoupling prior to internalization by the target cell. 
However, the complex is cleavable under appropriate conditions within the cell so that the 
gene, protein, polypeptide or peptide is released in a functional form. 

[104] The term "disease or condition associated with abnormal IPMC activity" is a condition 
in which an IPMC molecule is abnormally expressed. The IPMC molecule can abnormally be 
overexpressed or underexpressed, for example. The activity of the IPMC molecule can be 
abnormal in that its functional activity can be increased or decreased. The activity of the 
IPMC molecule can be abnormal by having changed its function. Such a change in function 
can be a consequence of a change in the nucleic acid sequence or a change in its protein 
sequence. 

[105] The term "extracellular matrix" ("ECM") refers to the collagens, proteoglycans, non- 
collagenous glycoproteins and elastins that can surround cells and provide structural support 
for cells as well as maintain various functions of cells, such as cell adhesion, proliferation and 
differentiation. See, for example, Aszodi et al. (1998), J. Mol. Med. 76:238-252; Bruckner- 
Tuderman et al. (1998), J. Mol. Med. 76:226-237; Aumailley et al. (1998), J. Mol. Med. 
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76:253-265. A skilled artisan will appreciate that the precise composition and physical 
properties of ECM, as well as its function, varies between various cell types and between 
various organs. 

[106] The term "hybridizes" refers to the annealing of one nucleic acid sequence to another. 
Appropriate stringency conditions which promote DNA hybridization, for example, 2 to 6.0 x 
sodium chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC at 
50°C, are known to those skilled in the art or can be found in Current Protocols in Molecular 
Biology, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6. The salt concentration in the wash step 
can be selected from a low stringency of about 6.0 x SSC to a high stringency of about 0.1 x 
SSC. In addition, the temperature in the wash step can be increased from low stringency 
conditions at room temperature, about 22°C, to high stringency conditions at about 65°C. 
Formamide can be added to the hybridization steps and washing steps in order to decrease the 
temperature requirement by 1°C per 1% formamide added. The term "specifically hybridizes" 
or "specifically detects" refers to the ability of a nucleic acid molecule of the invention to 
hybridize to at least approximately 6, 12, 20, 30, 50, 100, 150, 200, 250, 300, 350, 400, 450, 
500, 1000, 1500, 2000, 2500, 3000, 4000, or 4165 consecutive nucleotides of a vertebrate 
gene, preferably an IPMC gene. 

[107] The terms "IPMC polypeptide" and "IPMC protein" are interchangeable and refer to 
the family comprising polypeptides or proteins having the amino acid sequences shown as 
SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 24, 26, or 28, or fragments thereof, mutant and 
allelic variants, and homologs thereof. 

[108] The term "IPMC nucleic acid" and "IPMC polynucleotides" are interchangeable and 
refer to a nucleic acid encoding an IPM 150 or an IPM 200 protein, such as nucleic acids 
having SEQ ID NO: 1, 3, 5, 8, 10, 12, 14, 16, 18, 20, 23, 25, or 27, as well as fragments 
thereof, complements thereof, mutant and allelic variants, homologs, and derivatives thereof. 
[1 09] The term "IPMC therapeutic" refers to various forms of IPMC polypeptides, as well as 
peptidomimetics, nucleic acids, or small molecules, which can modulate at least one activity 
of an IPMC polypeptide, e.g., binding to and/or otherwise regulating expression of a gene, by 
mimicking or potentiating (agonizing) or inhibiting (antagonizing) the effects of a naturally- 
occurring IPMC polypeptide. An IPMC therapeutic which mimics or potentiates the activity 
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of a wild-type IPMC polypeptide is an "IPMC agonist". Conversely, an IPMC therapeutic 
which inhibits the activity of a wild-type IPMC polypeptide is an "IPMC antagonist". 
[110] "Homology" or "identity" or "similarity" refers to sequence similarity between two 
peptides or between two nucleic acid molecules and can be determined by comparing a 
position in each sequence which can be aligned for purposes of comparison. When a position 
in the compared sequence is occupied by the same base or amino acid, then the molecules are 
identical at that position. A degree of homology or similarity or identity between nucleic acid 
sequences is a function of the number of identical or matching nucleotides at positions shared 
by the nucleic acid sequences. An "unrelated" or "non-homologous" sequence shares less than 
about 40% identity, though preferably less than about 25 % identity, with one of the IPM 
protein sequences of the present invention. Percentage identity, homology or similarity are 
determined using a sequence alignment software as described herein. Alternatively percentage 
identity, homology or similarity are determined by the number of nucleotide or amino acid 
differences in a sequence of a certain length. For example, a 100 residue sequence with 20 
residue differences is defined as 80% identical, wherein a difference means a different residue 
or lack of residue. "Homologous" refers to the evolutionary relatedness of two nucleic acid or 
protein sequences. "Identity" refers to the degree to which nucleic acids or amino acids are 
the same between two sequences. "Similarity" refers to the degree to which nucleic acids or 
amino acids are the same, but includes neutral amino acid substitutions that do not 
significantly change the function of the protein as is well known in the art. Similarity also 
refers to neutral degenerate nucleic acids that can be substituted within a codon without 
changing the amino acid identity of the codon, as is well known in the art. 
[Ill] The term "macular degeneration" refers to a condition in which the macula 
degenerates, e.g., as a consequence of decreased growth of cells of the macula, increased death 
or rearrangement of the cells of the macula, or a combination of these events. Macular 
degeneration results in the loss of integrity of the histoarchitecture of the cells of the normal 
macula and/or the loss of function of the cells of the macula. Any condition which alters or 
damages the integrity or function of the macula can be considered to fall within the definition 
of macular degeneration. Other examples of diseases in which cellular degeneration has been 
implicated include retinal detachment, chorioretinal degenerations, retinal degenerations, 
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photoreceptor degenerations, RPE degenerations, mucopolysaccharidoses VII, rod-cone 
dystrophies, cone-rod dystrophies and cone degenerations. 

[112] The term "modulation" refers to both upregulation (i.e., activation or stimulation (e.g., 
by agonizing or potentiating)) and downregulation (i.e. inhibition or suppression (e.g., by 
antagonizing, decreasing or inhibiting)). 

[113] "Small molecule" refers to a composition, which has a molecular weight of less than 
about 5 kD and most preferably less than about 4 kD. Small molecules can be nucleic acids, 
peptides, polypeptides, peptidomimetics, carbohydrates, lipids or other organic (carbon 
containing) or inorganic molecules. Many pharmaceutical companies have extensive libraries 
of chemical and/or biological mixtures, often fungal, bacterial, or algal extracts, which can be 
screened with any of the assays of the invention to identify compounds that modulate an IPMC 
bioactivity. 

[114] The term "substantially sequence identity," refers to two or more sequences or 
subsequences that have at least 60%, preferably 80%, most preferably 90%, 95%, 98%, or 
99% nucleotide or amino acid residue identity, when compared and aligned for maximum 
correspondence, as measured using one of the following sequence comparison algorithms or 
by visual inspection. Two sequence (amino acid or nucleotide) can be compared over their 
full-length (e.g., the length of the shorter of the two, if they are of substantially different 
lengths) or over a subsequence such as at least about 50, about 100, about 200, about 500 or 
about 1000 contiguous nucleotides or at least about 10, about 20, about 30, about 50 or about 
100 contiguous amino acid residues. 

[115] For sequence comparison, typically one sequence acts as a reference sequence, to 
which test sequences are compared. When using a sequence comparison algorithm, test and 
reference sequences are input into a computer, subsequence coordinates are designated, if 
necessary, and sequence algorithm program parameters are designated. The sequence 
comparison algorithm then calculates the percent sequence identity for the test sequence(s) 
relative to the reference sequence, based on the designated program parameters. 
[116] Optimal alignment of sequences for comparison can be conducted, e.g., by the local 
homology algorithm of Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the homology 
alignment algorithm of Needleman & Wunsch, J. Mol. Biol. 48:443 (1970), by the search for 
similarity method of Pearson & Lipman, Proc. Natl. Acad. Sci. USA 85:2444 (1988), by 
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computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in 
the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science Dr., 
Madison, WI), or by visual inspection (see generally Ausubel et al., Current Protocols In 
Molecular Biology, Greene Publishing and Wiley-Interscience, New York (supplemented 
through 1999). Each of these references and algorithms is incorporated by reference herein in 
its entirety. When using any of the aforementioned algorithms, the default parameters for 
"Window" length, gap penalty, etc., are used. 

[117] One example of algorithm that is suitable for determining percent sequence identity 
and sequence similarity is the BLAST algorithm, which is described in Altschul et al., J. Mol. 
Biol. 21 5:403-41 0 (1 990). Software for performing BLAST analyses is publicly available 
through the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). 
This algorithm involves first identifying high scoring sequence pairs (HSPs) by identifying 
short words of length W in the query sequence, which either match or satisfy some positive- 
valued threshold score T when aligned with a word of the same length in a database sequence. 
T is referred to as the neighborhood word score threshold (Altschul et al, supra). These initial 
neighborhood word hits act as seeds for initiating searches to find longer HSPs containing 
them. The word hits are then extended in both directions along each sequence for as far as the 
cumulative alignment score can be increased. Extension of the word hits in each direction are 
halted when: the cumulative alignment score falls off by the quantity X from its maximum 
achieved value; the cumulative score goes to zero or below, due to the accumulation of one or 
more negative-scoring residue alignments; or the end of either sequence is reached. The 
BLAST algorithm parameters W, T, and X determine the sensitivity and speed of the 
alignment. The BLAST program uses as defaults a wordlength (W) of 1 1, the BLOSUM62 
scoring matrix (see Henikoff & Henikoff, Proc. Natl. Acad. Sci. USA 89:10915 (1989)) 
alignments (B) of 50, expectation (E) of 10, M=5, N=-4, and a comparison of both strands. 
[118] In addition to calculating percent sequence identity, the BLAST algorithm also 
performs a statistical analysis of the similarity between two sequences (see, e.g., Karlin & 
Altschul, Proc. Natl. Acad. Sci. USA 90:5873-5787 (1993)). One measure of similarity 
provided by the BLAST algorithm is the smallest sum probability (P(N)), which provides an 
indication of the probability by which a match between two nucleotide or amino acid 
sequences would occur by chance. For example, a nucleic acid is considered similar to a 
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reference sequence if the smallest sum probability in a comparison of the test nucleic acid to 
the reference nucleic acid is less than about 0.1, more preferably less than about 0.01, and 
most preferably less than about 0.001 . 

[119] Alignments may also be carried out using CLUSTAL (Higgins et al., CLUSTAL V: 
multiple alignment of DNA and protein sequences. Methods Mol Biol 1994;25:307-18) using 
the default parameters. 

[120] A further indication that two nucleic acid sequences or polypeptides are substantially 
identical is that the polypeptide encoded by the first nucleic acid is immunologically cross 
reactive with the polypeptide encoded by the second nucleic acid. Thus, a polypeptide is 
typically substantially identical to a second polypeptide, for example, where the two peptides 
differ only by conservative substitutions. 

[121] Another indication that two nucleic acid sequences are substantially identical is that the 
two molecules hybridize to each other under stringent conditions. Substantial identity exists 
when the segments will hybridize under stringent hybridization conditions to a strand, or its 
complement, typically using a sequence of at least about 50 contiguous nucleotides derived 
from the probe nucleotide sequences. "Stringent hybridization conditions" refers to 
conditions in a range from about 5°C to about 20°C or 25°C below the melting temperature 
(Tm) of the target sequence and a probe with exact or nearly exact complementarity to the 
target. As used herein, the melting temperature is the temperature at which a population of 
double-stranded nucleic acid molecules becomes half-dissociated into single strands. Methods 
for calculating the Tm of nucleic acids are well known in the art (see, e.g., Berger and Kimmel 
(1987) Methods In Enzymology, Vol. 152: Guide To Molecular Cloning Techniques, San 
Diego: Academic Press, Inc. and Sambrook et al., et al., 1989, MOLECULAR CLONING: A 
LABORATORY MANUAL, (2nd ed.) Vols. 1-3, Cold Spring Harbor Laboratory. As 
indicated by standard references, a simple estimate of the Tm value may be calculated by the 
equation: Tm = 81 .5 + 0.41(% G + C), when a nucleic acid is in aqueous solution at 1 M NaCl 
(see e.g., Anderson and Young, "Quantitative Filter Hybridization" in Nucleic Acid 
Hybridization (1985)). Other references include more sophisticated computations which take 
structural as well as sequence characteristics into account for the calculation of Tm. The 
melting temperature of a hybrid (and thus the conditions for stringent hybridization) is affected 
by various factors such as the length and nature (DNA, RNA, base composition) of the probe 
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and nature of the target (DNA, RNA, base composition, present in solution or immobilized, 
and the like), and the concentration of salts and other components (e.g., the presence or 
absence of formamide, dextran sulfate, polyethylene glycol). The effects of these factors are 
well known and are discussed in standard references in the art, see e.g., Sambrook, supra, and 
Ausubel, supra. Typically, stringent hybridization conditions are salt concentrations less than 
about 1.0 M sodium ion, typically about 0.01 to 1.0 M sodium ion at pH 7.0 to 8.3, and 
temperatures at least about 30°C for short probes (e.g., 10 to 50 nucleotides) and at least about 
60°C for long probes (e.g., greater than 50 nucleotides). As noted, stringent conditions may 
also be achieved with the addition of destabilizing agents such as formamide, in which case 
lower temperatures may be employed. 

[122] The terms "substantially pure" or "isolated," when referring to proteins and 
polypeptides, e.g., IPMC polypeptides, denote those polypeptides that are separated from 
proteins or other contaminants with which they are naturally associated. A protein or 
polypeptide is considered substantially pure when that protein makes up greater than about 
50% of the total protein content of the composition containing that protein, and typically, 
greater than about 60% of the total protein content. More typically, a substantially pure or 
isolated protein or polypeptide will make up at least 75%, more preferably, at least 90%, of the 
total protein. Preferably, the protein will make up greater than about 90%, and more 
preferably, greater than about 95% of the total protein in the composition. When referring to 
polynucleotides, the terms "substantially pure" or "isolated" generally refer to the 
polynucleotide separated from contaminants with which it is generally associated, e.g., lipids, 
proteins and other polynucleotides. The substantially pure or isolated polynucleotides of the 
present invention will be greater than about 50% pure. Typically, these polynucleotides will 
be more than about 60% pure, more typically, from about 75% to about 90% pure and 
preferably from about 95% to about 98% pure. 

[123] The following sections provide guidance for making and using the compositions of the 

invention, and carrying out the methods of the invention. 

[124] 

[125] III. IPMC polypeptides and Variants 
[126] A. IPMC polypeptides 
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[127] The invention provides substantially pure, isolated, or recombinant IPMC 
polypeptides. Some IPMC polypeptide have an amino acid sequence identical or substantially 
identical to the amino acid sequence shown in SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 
24, 26, or 28. The polypeptide of the invention can be full-length or can encode a fragment of 
the full-length protein. Some of the IPMC polypeptide fragments comprise an amino acid 
sequence that is substantially identical to at least about 8, 10, 11, 12, 14, 16, 25, 35, 50, 60, 70, 
72, 74, 76, 100, 150, 175, 177, 179, 180, 182, 184, 190, 200, 250, or 500 contiguous amino 
acid residues of SEQ ID NO: 2, 4, 6,9, 11, 13, 15, 17, 19, 21, 24, 26, or 28. Some of the 
IPMC polypeptides share greater than 50%, 60%, 70%, 80%, 90%, 95%, or 99% sequence 
identity to SEQ ID NO: 2, 4, 6, 9, 11, 13, 15, 17, 19, 21, 24, 26, or 28. Some of the IPMC 
polypeptides are encoded by all or a portion of a sequence shown in any of SEQ ID NOs: 1, 3, 
5, 8, 10, 12, 14, 16, 18, 20, 23, 25, and 27. 

[128] Also provided by the invention are IPMC polypeptides that are modified, relative to 
the amino acid sequence of SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 24, 26, or 28, in 
some manner, e.g., truncated, mutated, derivatized, or fused to other sequences (e.g., to form a 
fusion protein). Some IPMC polypeptides comprise insertions, deletions or substitutions of 
amino acid residues relative to SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 24, 26, or 28. 
For example, some conservative amino acid substitutions can be made, i.e., substitution of 
selected amino acids with different amino acids having similar structural characteristics, e.g., 
net charge or hydrophobicity. 

[129] The IPMC polypeptides of the present invention can be glycosylated, or conversely, by 
choice of the expression system or by modification of the protein sequence to preclude 
glycosylation, reduced carbohydrate analogs can also be provided. Glycosylated forms can be 
obtained, for example, based on derivitization with glycosaminoglycan chains. 
[130] The modified IPMC polypeptides of the invention can have some or all of the 
biological activities of naturally-occurring, full-length IPMC polypeptide (e.g., IPM 150 or 
IPM 200). Some of the IPMC polypeptides preferably are capable of functioning as either an 
agonist or antagonist of at least one biological activity of a wild-type ("authentic") IPMC 
protein. The modified polypeptides proteins can also be resistant to post-translational 
modification, e.g., due to mutations which alter modification sites (such as tyrosine, threonine, 
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serine or asparagine residues), or which prevent glycosylation of the protein, or which prevent 
interaction of the protein with intracellular proteins involved in signal transduction. 
[131] Some IPMC polypeptides contain one or more of the conserved domains of IPM 150 
or IPM 200. They can contain at least one of the EGF-like domains or the conserved domains 
of SEQ ID NO. 2, 4, 6, 9, 1 1, 15, 17, 19, 26, or 28 that are defined in the previous sections. 
For example, the IPMC polypeptides can contain one or more of the NH-terminal domain (71- 
88), conserved domain 1 (95-1 15), conserved domain 2 (575-646), and an EGF-like domain 
(688-731) of SEQ ID NO: 2. Some other IPMC polypeptides contain one or more of the four 
main domains of the IPM 150 protein, namely domain A, B, C or D. Domain A is located in 
the amino terminus of the protein, from residue 42 to 215 of SEQ ID NO: 28, containing four 
possible glycosylation sites (amino acids 42, 143, 191 and 215). Domain B is a central 
domain containing 17 possible O-linked glycosylation sites from residue 221 to 565 of SEQ 
ID NO: 28 (amino acids 221, 222, 406, 433, 435, 441, 442, 443, 445, 470, 497, 527, 529, 537, 
561 and 565). Domain C is located in the carboxy terminus of the protein, from residue 591 to 
630 of SEQ ID NO: 28 and contains four probable N-linked glycosylation sites (amino acids 
591, 592, 616 and 630). Domain D is located in the carboxy-terminus of the protein and 
contains a hyaluronan binding consensus sequence at residues 735 to 743 of SEQ ID NO: 28 
and an EGF-like domain between amino acids 688 to 731 of SEQ ID NO: 28. 
[132] Some IPMC polypeptides or fragments can be used as an immunogen to produce anti- 
IPMC antibodies. Typically, the immunogenic IPMC fragments of the invention comprise at 
least about 6 contiguous residues of the IPMC sequence, e.g., SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 
15, 17, 19, 21, 24, 26, or 28, more often at least about 8, about 15, or about 20, or about 25 
contiguous residues. Some of the immunogenic IPMC fragments comprise at least 35, 50, 72, 
177, or more contiguous amino acid residues of SEQ ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 
24, 26, or 28. 

[133] Some of the IPMC polypeptides can bind to antibodies that are specifically 
immunoreactive with a polypeptide having the sequence shown in SEQ ID NO: 2, 4, 6, 9, 11, 
13, 15, 17, 19, 21, 24, 26, or 28. Specific immunoreactivity is usually characterized by a 
specific binding affinity of an antibody for its ligand of at least 10 7 , 10 8 , 10 9 , or 10 10 M" 1 . 
[134] 

[135] B. Production and Isolation of IPMC polypeptides 
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[136] The IPMC polypeptides of the present invention can be prepared using recombinant or 
synthetic methods, or can be isolated from natural cellular sources. Suitable recombinant 
techniques for expressing IPMC polypeptides from the IPMC polynucleotides are disclosed 
infra. See also, Sambrook et al, 1989, Molecular Cloning: A Laboratory Manual, 
(2nd ed.) Vols. 1-3, Cold Spring Harbor Laboratory, and in Ausubel, supra. Synthetic 
methods for synthesizing polypeptides such as IPMC polypeptides, variants, or fragments are 
described in Merrifield, 1963, Amer. Chem. Soc. 85:2149-2456, Atherton et al, 1989, Solid 
Phase Peptide Synthesis: A Practical Approach, IRL Press, and Merrifield, 1986, 
Science 232:341-347. 

[137] Isolation and purification of the IPMC polypeptides of the present invention can be 
carried out by methods that are generally well known in the art. These methods include, but 
are not limited to, ion exchange, hydrophobic interaction, HPLC or affinity chromatography, 
to achieve the desired purity. The IPMC polypeptides can be purified using immunoaffmity 
chromatography. For example, antibodies raised against a IPMC polypeptide or immunogenic 
fragment thereof (e.g., having a sequence or subsequence of SEQ ID NO: 2, 4, 6, 17, 19, 21, or 
28) are coupled to a suitable solid support and contacted with a mixture of polypeptides 
containing the IPMC polypeptide (e.g., a homogenate of brain tissue) under conditions 
conducive to the association of this polypeptide with the antibody. Once the IPMC 
polypeptide is bound to the immobilized antibody, the solid support is washed to remove 
unbound material and/or nonspecifically bound polypeptides. The desired polypeptide can 
then be eluted from the solid support in substantially pure form by, e.g., a change in pH or salt 
concentration of the buffer. 
[138] 

[139] C. IPMC Polypeptide Analogs and Mimetics 

[140] Although primarily described in terms of "proteins" or "polypeptides," structural 
analogs and derivatives of the above-described polypeptides, e.g., peptidomimetics, and the 
like can be used as substitutes for IPMC, e.g., as IPMC activity agonists, or, alternatively, as 
IPMC activity antagonists. Peptidomimetics, or peptide mimetics, are peptide analogs 
commonly used in the pharmaceutical industry as non-peptide drugs with properties {e.g., a 
biological activity) analogous to those of the template peptide. (Fauchere, 1986, Adv. Drug 
Res. 15:29; Evans et al., 1987, J. Med. Chem. 30:1229). They are usually developed with the 
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aid of computerized molecular modeling. Peptide mimetics that are structurally similar to 
therapeutically useful peptides can be used to produce an equivalent therapeutic effect. 
Peptide mimetics can have significant advantages over polypeptide embodiments, including, 
for example, more economical production and greater chemical stability. 
[141] 

[142] IV. IPMC Polynucleotides 

[143] The invention provides a polynucleotide having a sequence or subsequence of a 
mammalian (e.g., rat or human) IPMC gene or RNA. The polynucleotides of the invention 
(e.g., RNA, DNA, PNA or chimeras), and may be single-stranded, double stranded, or a mixed 
hybrid. The IPMC polynucleotides can have various number of bases or base pairs in length. 
Some of the polynucleotides have a sequence of SEQ. ID NO: 1, 3, 5, 7, 8, 10, 12, 14, 16, 18, 
20, 22, 23, 25, or 27, or subsequences thereof. Some of the IPMC polynucleotides comprise a 
nucleotide sequence that is substantially identical to a number of contiguous nucleotides of 
SEQ ID NOs: 1,3,5, 7, 8, 10, 12, 14, 16, 18, 20, 22, 23, 25, or 27. The number can be at least 
15, 20, 25, 29, 30, 31, 35, 50, 75, 100, 150, 200, 215, 216, 217, 218, 250, 300, 350, 400, 450, 
500, 539, 540, 541, 542, 550, 750, 1000, 1500, 2000, or more. 

[144] The invention also provides polynucleotides with substantial sequence identity to the 
IPMC polynucleotides disclosed herein. Thus, the invention provides IPMC polynucleotide 
sequences having one or more nucleotide deletions, insertions or substitutions relative to a 
IPMC nucleic acid sequence of SEQ ID NO: 1, 3, 5, 7, 8, 10, 12, 14, 16, 18, 20, 22, 23, 25, or 
27. 

[145] Some of the polynucleotides encode a polypeptide with substantial sequence identity to 
SEQ. ID NO: 2, 4, 6, 9, 11, 13, 15, 17, 19, 21, 24, or 26, or encodes a fragment of such a 
polypeptide (e.g., a fusion protein). Some of the IPMC polynucleotides comprise a nucleotide 
sequence that is not substantially identical to SEQ ID NO: 1, 3, 5, 8, 10, 12, 14, 16, 18, 20, 23, 
or 25. Rather, due to the degeneracy of the genetic code, they encode the polypeptide of SEQ. 
ID NO: 2, 4, 6, 9, 1 1, 13, 15, 17, 19, 21, 24, or 26 or a fragment thereof. Some IPMC 
polynucleotides that do not necessarily encode IPMC polypeptide but are useful as e.g., 
probes, primers, antisense, triplex, or ribozyme reagents 
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[146] The invention also provides expression vectors, cell lines, and transgenic animals or 
organisms comprising the IPMC polynucleotides. Some of the vectors, cells, or transgenic 
animals or organisms are capable of expressing the encoded IPMC polypeptides. 
[147] Using the guidance of this disclosure, the IPMC polynucleotides of the invention can 
be produced by recombinant means. See, e.g., Sambrook et al., (1989) Molecular Cloning: A 
Laboratory Manual, 2nd Ed., Vols. 1-3, Cold Spring Harbor Laboratory; Berger and Kimmel, 
(1987) Methods In Enzymology, Vol. 152: Guide To Molecular Cloning Techniques, San 
Diego: Academic Press, Inc.; Ausubel et al., Current Protocols In Molecular Biology, Greene 
Publishing and Wiley-Interscience, New York (1999). Alternatively, IPMC polynucleotides 
or fragments can be chemically synthesized using routine methods well known in the art (see, 
e.g., Narang et al., 1979, Meth. Enzymol. 68:90; Brown et al., 1979, Meth. Enzymol. 68:109; 
Beaucage et al., 1981, Tetra. Lett., 22:1859). Some IPMC polynucleotides of the invention 
contain non-naturally occurring bases (e.g., deoxyinosine) or modified backbone residues or 
linkages that are prepared using methods as described in, e.g., Batzer et al., 1991, Nucleic 
Acid Res. 19:5081; Ohtsuka et al., 1985, J. Biol. Chem. 260:2605-2608; Rossolini et al, 1994, 
Mol. Cell. Probes 8:91-98. 
[148] 

[149] A. Polynucleotides Encoding IPMC polypeptides 

[150] In one aspect, the invention provides polynucleotides encoding IPMC polypeptides 
such as an IPMC polypeptide comprising the sequence of SEQ ID NO: 2, 4, 6, 9, 11, 13, 15, 
17, 19, 21, 24, 26, or 28, a fragment thereof, a variant thereof (e.g., a conservative or allelic 
variant), or a IPMC fusion polypeptide. In one embodiment, the polynucleotide of the 
invention comprises the sequence of SEQ ID NO: 1, 3, 5, 8, 10, 12, 14, 16, 18, 20, 23, 25, or 
27, or a fragment thereof. Some of the polynucleotides encode a naturally occurring IPMC 
polypeptide or fragment, but has a sequence that differs from SEQ. ID NO: 1, 3, 5, 8, 10, 12, 
14, 16, 18, 20, 23, 25, or 27 (e.g., as a result of the degeneracy of the genetic code). 
[151] Some of the IPMC polynucleotides encode at least one of the domains (e.g., EGF-like 
domain or conserved domain) of SEQ ID NO. 2, 4, 6, 9, 1 1, 15, 17, 19, 26, or 28. They can 
also encode one of the four main domains of human IPM 150 (i.e., domains A, B, C, and D, as 
described above). 
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[1 52] The polynucleotides of invention are useful for expression of IPMC polynucleotides 
(e.g., sense or antisense RNAs) and polypeptides. Methods for recombinant expression of 
polynucleotides and proteins are well known in the art. Typically, the IPMC polynucleotides 
of the invention are used in expression vectors for the preparation of IPMC polypeptides and 
polynucleotides. Expression vectors typically include transcriptional and/or translational 
control signals (e.g., the promoter, ribosome-binding site, and ATG initiation codon). In 
addition, the efficiency of expression can be enhanced by the inclusion of enhancers 
appropriate to the cell system in use. For example, the SV40 enhancer or CMV enhancer can 
be used to increase expression in mammalian host cells. 

[153] To produce IPMC polypeptides, the IPMC polynucleotides encoding an IPMC 
polypeptide is inserted into DNA constructs capable of introduction into and expression in an 
in vitro host cell, such as a bacterial (e.g., E. coli, Bacillus subtilus), yeast (e.g., 
Saccharomyces), insect (e.g., Spodoptera frugiperda), or mammalian cell culture systems. 
Examples of mammalian cell culture systems useful for expression and production of the 
polypeptides of the present invention include human embryonic kidney line (293; Graham et 
al., 1977, J. Gen. Virol. 36:59); CHO (ATCC CCL 61 and CRL 9618); human cervical 
carcinoma cells (HeLa, ATCC CCL 2); and others known in the art. The use of mammalian 
tissue cell culture to express polypeptides is discussed generally in Winnacker, FROM 
GENES TO CLONES (VCH Publishers, N.Y., N.Y., 1987) and Ausubel, supra. 
[154] To produce IPMC polypeptides, promoters from mammalian genes or from 
mammalian viruses can be used, e.g., for expression in mammalian cell lines. Suitable 
promoters can be constitutive, cell type-specific, stage-specific, and/or modulatable or 
regulatable (e.g., by hormones such as glucocorticoids). Useful promoters include the 
metallothionein promoter, the constitutive adenovirus major late promoter, the 
dexamethasone-inducible MMTV promoter, the SV40 promoter, and promoter-enhancer 
combinations known in the art. 

[155] IPMC polypeptides or fragments can also be expressed in transgenic animals (mouse, 
sheep, cow, etc.) and plants (tobacco, arabidopsis, etc.) using appropriate expression vectors 
which integrate into the host cell chromosome. 
[156] 

[157] B. IPMC Polynucleotide or Oligonucleoti de Probes and Primers 
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[158] The invention provides oligonucleotide or polynucleotide probes and/or primers for 
detecting or amplifying IPMC polynucleotides. Some of the polynucleotides (e.g., probes and 
primers) comprise at least 10 contiguous bases identical or exactly complementary to SEQ ID 
NO: 1, 3, 5, 7, 8, 10, 12, 14, 16, 18, 20, 22, 23, 25, or 27, usually at least 12 bases, typically at 
least 15 bases, generally at least 18 bases and often at least 25, at least 50, or at least 100 bases 
When the IPMC polynucleotides of the invention are used as probes or primers, they are 
generally less than about 3000 bases in length; typically they contain between about 12 and 
about 100 contiguous nucleotides identical or exactly complementary to SEQ. ID NO: 1, 3, 5, 
7, 8, 10, 12, 14, 16, 18, 20, 22, 23, 25, or 27, more often between about 12 and about 50 
contiguous nucleotides, even more often between about 1 5 and about 25 contiguous 
nucleotides. Some of the probes and primers having a sequence of SEQ ID NO: 1, 3, 5, 16, 
18, 20, or 27, or a fragment thereof, are used in the methods (e.g., diagnostic, therapeutic 
methods, and screening methods) of the invention or in preparation of pharmaceutical 
compositions. 

[159] Some of the probes and primers are modified, e.g., by adding restriction sites to the 
probes or primers. Some primers or probes of the invention comprise additional sequences, 
such as linkers. Some primers or probes of the invention are modified with detectable labels. 
For example, the primers and probes are chemically modified, e.g., derivatized, incorporating 
modified nucleotide bases, or containing a ligand capable of being bound by an anti-ligand 
(e.g., biotin). 

[160] The IPMC primers of the invention can be used for a number of purposes, e.g., for 
amplifying an IPMC polynucleotide in a biological sample for detection, or for cloning IPMC 
genes from a variety of species. Using the guidance of the present disclosure, primers can be 
designed for amplification of an IPMC gene or isolation of other IPMC homologs. 
[161] 

[162] C. IPMC Inhibitory Polynucleotides 

[163] The invention provides inhibitory polynucleotides such as antisense, triplex, and 
ribozyme reagents that target or hybridize to IPMC polynucleotides. These polynucleotides 
can be used to treat disease states which are associated with elevated activity of IPMC 
bioactivities. 
[164] 
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[165] 1. Antisense Polynucleotides 

[166] The present invention provides antisense oligonucleotides and polynucleotides that can 
be used to inhibit expression of the IPMC gene. Some therapeutic methods of the invention, 
described in additional detail infra, involve the administration of an oligonucleotide that 
functions to inhibit or stimulate IPMC activity under in vivo physiological conditions, and is 
relatively stable under those conditions for a period of time sufficient for a therapeutic effect. 
Polynucleotides can be modified to impart such stability and to facilitate targeting delivery of 
the oligonucleotide to the desired tissue, organ, or cell. 

[167] The antisense polynucleotides of the invention comprise an antisense sequence of at 
least about 10 bases, typically at least 20, at least about 50, or at least about 100, and up to at 
least about 1000 to at least about 3000 contiguous nucleotides that specifically hybridize to a 
sequence from mRNA encoding IPMC polypeptides or mRNA transcribed from an IPMC 
gene. More often, the antisense polynucleotide of the invention is from about 12 to about 50 
nucleotides in length or from about 15 to about 25 nucleotides in length. In general, the 
antisense polynucleotide should be long enough to form a stable duplex but short enough, 
depending on the mode of delivery, to administer in vivo, if desired. The minimum length of a 
polynucleotide required for specific hybridization to a target sequence depends on several 
factors, such as G/C content, positioning of mismatched bases (if any), degree of uniqueness 
of the sequence as compared to the population of target polynucleotides, and chemical nature 
of the polynucleotide (e.g., methylphosphonate backbone, peptide nucleic acid, 
phosphorothioate), among other factors. 

[168] Generally, to assure specific hybridization, the antisense sequence is substantially 
complementary to the target IPMC mRNA sequence. Some antisense sequences are exactly 
complementary to the target sequences. The antisense polynucleotides can also include, 
however, nucleotide substitutions, additions, deletions, transitions, transpositions, or 
modifications, or other nucleic acid sequences or non-nucleic acid moieties so long as specific 
binding to the relevant target sequence corresponding to IPMC RNA or its gene is retained as 
a functional property of the polynucleotide. 

[169] Some of the antisense sequences are complementary to relatively accessible sequences 
of the IPMC mRNA (e.g., relatively devoid of secondary structure). This can be determined 
by analyzing predicted RNA secondary structures using, for example, the MFOLD program 
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(Genetics Computer Group, Madison WI) and testing in vitro or in vivo as is known in the art. 
Another useful method for identifying effective antisense compositions uses combinatorial 
arrays of oligonucleotides (see, e.g., Milner et al., 1997, Nature Biotechnology 15:537). 
[170] Some of the antisense polynucleotides consists essentially of, or is, the antisense 
sequence. Some other antisense polynucleotides of the invention have sequences in addition 
to the antisense sequence (i.e., in addition to anti-IPM-sense sequence). In this case, the 
antisense sequence is contained within a polynucleotide of longer sequence. 
[171] The antisense nucleic acids (DNA, RNA, modified, analogues) can be made using any 
suitable method for producing a nucleic acid, such as the chemical synthesis and recombinant 
methods disclosed herein. Some antisense RNA molecules of the invention are prepared by de 
novo chemical synthesis or by cloning. For example, an antisense RNA that hybridizes to 
IPMC mRNA can be made by inserting (ligating) an IPMC DNA sequence (e.g., SEQ. ID No; 
1, 3, 5, 8, 10, 12, 14, 16, 18, 20, 23, 25, or 27, or fragment thereof) in reverse orientation 
operably linked to a promoter in a vector (e.g., plasmid). Provided that the promoter and, 
preferably termination and polyadenylation signals, are properly positioned, the strand of the 
inserted sequence corresponding to the noncoding strand will be transcribed and act as an 
antisense oligonucleotide of the invention. 

[172] The antisense oligonucleotides of the invention can be used to inhibit IPMC activity in 
cell-free extracts, cells, and animals, including mammals and humans. For general methods 
relating to antisense polynucleotides, see ANTISENSE RNA AND DNA, (1988), D.A. 
Melton, Ed., Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). See also, Dagle et al., 
1991, Nucleic Acids Research, 19:1805. For a review of antisense therapy, see, e.g., Uhlmann 
et al., Chem. Reviews, 90:543-584 (1990). 
[173] 

[174] 2. Triplex Oligo- and Polynucleotides 

[175] The present invention provides oligo- and polynucleotides (e.g., DNA, RNA, PNA or 
the like) that bind to double-stranded or duplex IPMC nucleic acids (e.g., in a folded region of 
the IPMC RNA or in the IPMC gene), forming a triple helix-containing, or a triplex nucleic 
acid. Triple helix formation results in inhibition of IPMC expression by, for example, 
preventing transcription of the IPMC gene, thus reducing or eliminating IPMC activity in a 
cell. Without intending to be bound by any particular mechanism, it is believed that triple 
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helix pairing compromises the ability of the double helix to open sufficiently for the binding of 
polymerases, transcription factors, or regulatory molecules to occur. 
[176] Triplex oligo- and polynucleotides of the invention are constructed using the base- 
pairing rules of triple helix formation (see, e.g., Cheng et al., 1988, J. Biol. Chem. 263: 15110; 
Ferrin and Camerini-Otero, 1991, Science 354:1494; Ramdas et al., 1989, J. Biol. Chem. 
264:17395; Strobel et al, 1991, Science 254:1639; and Rigas et al., 1986, Proc. Natl. Acad. 
Sci. U.S.A. 83: 9591 ; each of which is incorporated herein by reference) and the IPMC mRNA 
and/or gene sequence. Typically, the triplex-forming oligonucleotides of the invention 
comprise a specific sequence of from about 10 to at least about 25 nucleotides or longer 
complementary to a specific sequence in the IPMC RNA or gene (i.e., large enough to form a 
stable triple helix, but small enough, depending on the mode of delivery, to administer in vivo, 
if desired). In this context, "complementary" means being able to form a stable triple helix. 
Some of the oligonucleotides are designed to bind specifically to the regulatory regions of the 
IPMC gene (e.g., the IPMC 5'-flanking sequence, promoters, and enhancers) or to the 
transcription initiation site, (e.g., between -10 and +10 from the transcription initiation site). 
For a review of recent therapeutic advances using triplex DNA, see Gee et al, in Huber and 
Carr, 1994, MOLECULAR AND IMMUNOLOGIC APPROACHES, Futura Publishing Co, 
Mt Kisco NY and Rininsland et al., 1997, Proc. Natl. Acad. Sci. USA 94:5854, which are both 
incorporated herein by reference. 
[177] 

[178] 3. Ribozvmes 

[179] The present invention also provides ribozymes useful for inhibition of IPMC activity. 
The ribozymes of the invention bind and specifically cleave and inactivate IPMC mRNA. 
Useful ribozymes can comprise 5'- and 3'-terminal sequences complementary to the IPMC 
mRNA and can be engineered by one of skill on the basis of the IPMC mRNA sequence 
disclosed herein (see PCT publication WO 93/23572, supra). Ribozymes of the invention 
include those having characteristics of group I intron ribozymes (Cech, 1995, Biotechnology 
13:323) and others of hammerhead ribozymes (Edgington, 1992, Biotechnology 10:256). 
[180] Ribozymes of the invention include those having cleavage sites such as GUA, GUU 
and GUC. Other optimum cleavage sites for ribozyme-mediated inhibition of IPMC activity 
in accordance with the present invention include those described in PCT publications WO 
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94/02595 and WO 93/23569, both incorporated herein by reference. Short RNA 
oligonucleotides between 15 and 20 ribonucleotides in length corresponding to the region of 
the target IPMC gene containing the cleavage site can be evaluated for secondary structural 
features that may render the oligonucleotide more desirable. The suitability of cleavage sites 
can also be evaluated by testing accessibility to hybridization with complementary 
oligonucleotides using ribonuclease protection assays, or by testing for in vitro ribozyme 
activity in accordance with standard procedures known in the art. 

[181] As described by Hu et al., PCT publication WO 94/03596, incorporated herein by 
reference, antisense and ribozyme functions can be combined in a single oligonucleotide. 
Moreover, ribozymes can comprise one or more modified nucleotides or modified linkages 
between nucleotides, as described above in conjunction with the description of illustrative 
antisense oligonucleotides of the invention. 

[182] Some of the ribozymes of the invention are generated in vitro and introduced into a cell 
or patient. In some cases, gene therapy methods are used for expression of ribozymes in a 
target cell ex vivo or in vivo. 
[183] 

[184] C. Allelic Variants and Homologs of IPMC polynucleotides 
[185] The invention also provides allelic variants of the IPMC polynucleotides of SEQ ID 
NOs: 1, 3, 5, 7, 8, 10, 12, 14, 16, 18, 20, 22, 23, 25, or 27, and homologs of IPMC. The 
polynucleotide probes of the invention are used for isolating and expressing IPMC from other 
organisms, using well known methods, e.g., Sambrook, supra, and Ausubel, supra. For 
example, a polynucleotide probe comprising all or some of an IPMC cDNA sequence is 
labeled and used to screen a genomic or cDNA library of an organism by hybridization at 
moderate stringency (e.g., hybridization in 5xSSC/50% formamide at 42°C for 16 h, and wash 
in 0.1xSSC/0.1% SDS at 50C for 30 min.). The cDNA library can be oligo-dT or random 
primed. The cDNA or genomic clones that hybridize with the probe are isolated and analyzed 
by restriction mapping, Southern hybridization, and DNA sequencing using methods that are 
well known in the art. Depending on the starting library used, a polynucleotide comprising 
human or mouse IPMC gene, allelic cDNAs, or IPMC homologs from other species or 
organisms can be isolated. 
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[186] Another method for generating IPMC variants having a desired activity is by directed 
evolution or "gene shuffling," as described, for example in Patten et al., 1997, Curr. Opin. 
Biotech. 8:724-733; PCT publications W095/22625; WO97/20078; W097/35957; 
W097/35966; W098/13487; W098/13485; PCT 98/00852; PCT 97/24239, and U.S. Patent 
No. 5,605,793. 
[187] 

[188] V. Anti-IPMC Antibodies 

[189] The present invention provides antibodies that are specifically immunoreactive with 
human IPMC polypeptide. Accordingly, the invention provides or makes use of antibodies 
that specifically recognize and bind polypeptides which have an amino acid sequence 
identical, or substantially identical, to the amino acid sequence of SEQ ID NO: 2, 4, 6, 9, 11, 
13, 15, 17, 19, 21, 24, 26, or 28, or an immunogenic fragment thereof. The antibodies of the 
invention usually exhibit a specific binding affinity for an IPMC polypeptide of at least about 
10 7 , 10 8 , 10 9 , or lO^M" 1 . 

[190] The anti-IPMC antibodies of the invention have a variety of uses, e.g. , isolation of 
IPMC polypeptides {e.g., by immunoaffmity chromatography), detection of IPMC 
polypeptides, and for inhibition of IPMC activity (e.g., in vivo or in vitro). 
[191] 

[192] A. Production of Anti-IPMC Antibodies 

[193] Anti-IPMC antibodies of the present invention can be made by a variety of means well 
known to those of skill in the art, e.g., as described supra. Antibodies are broadly defined and 
specifically include fragments, chimeras and the like, that specifically binds an IPMC 
polypeptide or epitope. 

[194] Methods for production of polyclonal or monoclonal antibodies are well known in the 
art. See, e.g., Coligan, Current Protocols in Immunology, Wiley/Greene, NY (1991); 
Stites et al. (eds.) Basic and Clinical Immunology (7th ed.) Lange Medical Publications, 
Los Altos, CA, and references cited therein ("Stites"); Goding, Monoclonal Antibodies: 
Principles and Practice (2d ed.) Academic Press, New York, NY (1986); Kohler and 
Milstein, Nature 256:495-497 (1975) ("Kohler and Milstein"); and Harlow and Lane. These 
techniques include antibody preparation by selection of antibodies from libraries of 



38 



recombinant antibodies in phage or similar vectors. See, Huse et al, Science 246:1275-1281 
(1989) ("Huse"); and Ward et al, Nature 341:544-546 (1989). 

[195] For production of polyclonal antibodies, an appropriate target immune system is 
selected, typically a mouse or rabbit, but also including goats, sheep, cows, chickens, guinea 
pigs, monkeys and rats. The immunoglobulins produced by the host can be precipitated, 
isolated and purified by routine methods, including affinity purification. Substantially 
monospecific antibody populations can be produced by chromatographic purification of 
polyclonal sera. 

[196] For monoclonal antibodies, appropriate animals will be selected and the desired 
immunization protocol followed. The antibodies of the invention may be of any isotype, e.g., 
IgM, IgD, IgG, IgA, and IgE, with IgG, IgA and IgM most referred. Preferred monoclonal 
anti-IPMC antibodies neutralize (i.e., inhibit or block) one or more biological activities of 
IPMC. Such antibodies may be obtained by screening hybridoma supernatants for the desired 
inhibitory activity. Monoclonal antibodies with affinities of 10 8 liters/mole, preferably 10 9 to 
10 10 or stronger, can be produced by the methods described below. The production of non- 
human monoclonal antibodies, e.g., murine, lagomorpha, or equine, is well known and can be 
accomplished by, e.g., immunizing a host animal with a preparation containing IPMC or 
fragments thereof. Antibody-producing cells obtained from the immunized animals are 
immortalized and screened, or screened first for the production of antibody which binds to the 
IPMC polypeptide and then immortalized. 

[197] Some anti-IPMC monoclonal antibodies of the present invention are humanized, 
human or chimeric, in order to reduce their potential antigenicity, without reducing their 
affinity for their target. Humanized antibodies have been described in the art. See, e.g., 
Queen, et al, 1989, Proc. Natl Acad. Sci. USA 86:10029; U.S. Patent Nos. 5,563,762; 
5,693,761; 5,585,089 and 5,530,101. The human antibody sequences used for humanization 
can be the sequences of naturally occurring human antibodies or can be consensus sequences 
of several human antibodies. See Kettleborough et al., Protein Engineering 4:113 (1991); 
Kolbinger et al., Protein Engineering 6:91 \ (1993). 

[198] Humanized monoclonal antibodies against IPMC can also be produced using 
transgenic animals having elements of a human immune system (see, e.g., U.S. Patent Nos. 
5,569,825; 5,545,806; 5,693,762; 5,693,761; and 5,7124,350). 
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[199] Useful anti-IPMC binding compositions can also be produced using phage display 
technology (see, e.g., Dower et al., WO 91/17271 and McCafferty et al., WO 92/01047). In 
these methods, libraries of phage are produced in which members display different antibodies 
on their outer surfaces. Antibodies are usually displayed as Fv or Fab fragments. Phage 
displaying antibodies with a desired specificity are selected by affinity enrichment to an IPMC 
polypeptide. 

[200] Once expressed, the whole antibodies, their dimers, individual light and heavy chains, 
or other immunoglobulin forms of the present invention can be purified according to standard 
procedures of the art, including ammonium sulfate precipitation, affinity chromatography, gel 
electrophoresis and the like (see generally Protein Purification: Principles and Practice 
3rd Edition (Springer- Verlag, N.Y., 1994)). 

[201] An antibody (e.g. an anti-IPMC antibody), is substantially pure when at least about 
80%, more often at least about 90%, even more often at least about 95%, most often at least 
about 99% or more of the polypeptide molecules present in a preparation specifically bind the 
same antigen (e.g., an IPMC polypeptide). For pharmaceutical uses, anti-IPMC 
immunoglobulins of at least about 90 to 95% homogeneity are preferred, and 98 to 99% or 
more homogeneity are most preferred. 
[202] 

[203] B. Modification of IPMC Antibodies 

[204] The antibodies of the present invention can be used with or without modification. 
Frequently, the antibodies will be labeled by joining, either covalently or non-covalently, a 
substance which provides for a detectable signal. Such labels include those that are well 
known in the art, e.g., radioactive, fluorescent, or bioactive {e.g., enzymatic) labels. As 
labeled binding entities, the antibodies of the invention may be particularly useful in 
diagnostic applications. 

[205] Also encompassed by the invention are hybrid antibodies that share the specificity of 
antibodies against a IPMC polypeptide but are also capable of specific binding to a second 
moiety. In hybrid antibodies, one heavy and light chain pair is from one antibody and the 
other pair from an antibody raised against another epitope. This results in the property of 
multi-functional valency, i.e., ability to bind at least two different epitopes simultaneously. 
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Such hybrids can be formed by fusion of hybridomas producing the respective component 

antibodies, or by recombinant techniques. 

[206] 

[207] VI. Prognostic and Diagnostic Assays 

[208] The present methods provide means for determining if a subject has (diagnostic) or is 
at risk of developing (prognostic) a disease, condition or disorder that is associated with an 
aberrant IPMC activity, e.g., an aberrant level of IPMC protein or an aberrant bioactivity, such 
as results in the development of macular degeneration. The aberrant IPMC activity to be 
detected include an abnormal level of an IPMC gene or protein, abnormality in an IPMC 
bioactivity, and the presence of a mutation or particular polymorphic variant in the IPMC 
gene. 

[209] Any cell type or tissue can be utilized in the diagnostics described below. Preferably, a 
bodily fluid, e.g., blood, is obtained from the subject to determine the presence of a mutation 
or the identity of the allelic variant of a polymorphic region of an IPMC gene. A bodily fluid, 
e.g., blood, can be obtained by known techniques (e.g. venipuncture). Alternatively, nucleic 
acid tests can be performed on dry samples (e.g. hair or skin). For prenatal diagnosis, fetal 
nucleic acid samples can be obtained from maternal blood as described in W09 1/07660. 
Alternatively, amniocytes or chorionic villi can be obtained for performing prenatal testing. 
[210] Diagnostic procedures can also be performed in situ directly upon tissue sections (fixed 
and/or frozen) of patient tissue obtained from biopsies or resections, such that no nucleic acid 
purification is necessary. Nucleic acid reagents can be used as probes and/or primers for such 
in situ procedures (see, e.g., van der Luijt et al. (1994), Genomics 20:1-4). 
[211] 

[212] A. Detecting abnormal expression or activity of IPMC 

[213] In some methods, abnormal mRNA and/or protein level of IPMC protein are detected 
by means such as Northern blot analysis, reverse transcription-polymerase chain reaction (RT- 
PCR), in situ hybridization, immunoprecipitation, Western blot hybridization, or 
immunohistochemistry. In some methods, cells are obtained from a subject and the IPMC 
protein or mRNA level is determined and compared to the level of IPMC protein or mRNA 
level in a healthy subject. An abnormal level of an IPMC polypeptide or mRNA is likely to be 
indicative of an aberrant IPMC activity. 
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[214] In some methods, at least one activity of IPMC protein is measured. For example, 
maintenance of attachment of the RPE to the retina by an IPMC protein can be determined, 
e.g., as described herein. Comparison of the results obtained with results from similar analysis 
performed on IPMC proteins from healthy subjects is indicative of whether a subject has an 
abnormal IPMC activity. 

[215] In some methods, the presence of genetic alteration in at least one of the IPMC genes is 
detected. The genetic alteration to be detected include, e.g., deletion, insertion, substitution of 
one or more nucleotides, a gross chromosomal rearrangement of an IPMC gene, an alteration 
in the level of a messenger RNA transcript of an IPMC gene, or inappropriate post- 
translational modification of an IPMC polypeptide. The genetic alteration can be detected 
with various methods routinely performed in the art, such as sequence analysis, Southern blot 
hybridization, restriction enzyme site mapping, and methods involving detection of the 
absence of nucleotide pairing between the nucleic acid to be analyzed and a probe. In such 
methods, polynucleotides isolated from a sample from a subject can be amplified first with an 
amplification procedure such as self sustained sequence replication (Guatelli et al. (1990), 
Proc. Natl. Acad. Sci. USA 87:1874-1878); transcriptional amplification system (Kwoh et al. 
(1989), Proc. Natl. Acad. Sci. USA 86:1 173-1 177); or Q-Beta Replicase (Lizardi et al. (1988), 
Bio/Technology 6: 1 197). 

[216] In some methods, the alteration in a IPMC gene is detected by mutation detection 
analysis using chips comprising oligonucleotides ("DNA probe arrays") as described, e.g., in 
Cronin et al. (1996), Human Mutation 7:244. Detection of the alteration can also utilize the 
probe/primer in a polymerase chain reaction (PCR). See U.S. Patent No. 4,683,195; U.S. 
Patent No. 4,683,202); Landegran et al. (1988), Science 241:1077-1080; and Nakazawa et al. 
(1994), Proc. Natl. Acad. Sci. USA 91:360-364). In some methods, the genetic alteration is 
detected by direct sequencing using variour sequencing scheme including automated 
sequencing procedures such as sequencing by mass spectrometry (See, e.g., PCT publication 
WO 94/16101; Cohen et al. (1996), Adv. Chromatogr. 36:127-162; Griffin et al. (1993), Appl. 
Biochem. Biotechnol. 38:147-159). 
f217] 

[218] B. Detecting single polynucleotide polymorphism 
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[21 9] Specific diseases or disorders can be associated with specific allelic variants of 
polymorphic regions of certain genes which do not necessarily encode a mutated protein. 
Thus, the presence of a specific allelic variant of a polymorphic region of an IPMC gene, such 
as a single nucleotide polymorphism ("SNP"), in a subject can render the subject susceptible 
to developing a specific disease or disorder. Polymorphic regions in genes, e.g., IPMC genes, 
can be identified, by determining the nucleotide sequence of genes in populations of 
individuals. If a polymorphic region, e.g., SNP is identified, then the link with a specific 
disease can be determined by studying specific populations of individuals, e.g., individuals 
which developed a specific disease, such as retinal detachment or macular degeneration. 
[220] Many methods have been developed to facilitate the analysis of such single nucleotide 
polymorphisms. For example, single nucleotide polymorphism can be detected using a 
specialized exonuclease-resistant nucleotide, as disclosed, e.g., in Mundy, C. R. (U.S. Patent 
No. 4,656,127). A Genetic Bit Analysis or GBA™ is described by Goelet (PCT Appln. No. 
92/1 57 1 2). Several primer-guided nucleotide incorporation procedures for assaying 
polymorphic sites in DNA have been described in Komher et al. (1989), Nucl. Acids Res. 
17:7779-7784; Sokolov (1990), Nucl. Acids fles.l8:3671; Syvanen et al. (1990), Genomics 
8:684-692; Kuppuswamy et al. (1991), Proc. Natl. Acad. Sci. USA 88:1 143-1 147; Prezant et 
al. (1992), Hum. Mutat. 1:159-164; Ugozzoli et al. (1992), GATA 9:107-112; Nyren et al. 
(1993), Anal. Biochem. 208:171-175. Other methods for determining the identity of the 
nucleotide of a polymorphic site have also been described in, e.g., French Patent 2,650,840; 
PCT Appln. No. WO91/02087. 
[221] 

[222] C. Detection of IPMC autoantibodies and degradation products 

[223] The presence of degradation fragments of IPMC polypeptides or autoantibodies against 

IPMC polypeptides can also be indicative of the presence of, or a predisposition to the 

development of, a disease or disorder associated with IPMC bioactivities. 

[224] IPMC degradation products can be detected, e.g., examining a sample for the presence 

of polypeptides that bind to an IPMC antibody using various immunological methods 

described below, followed by analyzing size and/or structure of the polypeptides. A number 

of routine techniques can be used to analyze the IPMC polypeptides, e.g., polyacrylamide 

electrophoresis. Similarly, the presence of autoantibodies against IPMC polypeptides in a 
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biological sample can be detected, e.g., with a IPMC polypeptide antigen using one of the 
immunological methods described herein. 

[225] Methods for detecting an IPMC autoantibody or IPMC degradation fragments in a 
biological sample can be readily carried out with a number of methods. See generally, E. 
Maggio, Enzyme-Immunoassay, (1980)(CRC Press, Inc., Boca Raton, Fla.); R. Nakamura et 
al, Enzyme Immunoassays: Heterogeneous and Homogeneous Systems, In Handbook of 
Experimental Immunology, Vol. 1, chap. 27 (D. M. Weir ed. 1986)(Blackwell Scientific 
Publications); and U.S. Patent Nos. 5,814,461, 5,846,740, 5,993,818, 6,121,004, and 
6,225,442. Other methods described in the art for detecting autoantibodies in AMD subjects 
can also be used in the present invention, e.g., as described in Guerne et al., Ophthalmology, 
1991. 98: 602-7; Penfold et al., Clin. Exp. Ophthalmol., 1990. 228: 270-4. 
[226] In some methods, purified IPMC polypeptides (or IPMC antibodies) are absorbed onto 
the solid phase (e.g., a bead, plate or slide as described, e.g., in U.S. Patent No. 5,801,064), to 
which is added a biological sample to allow reaction to occur. Bound IPMC autoantibodies 
(or IPMC degradation fragments) can be detected and quantified with any of the following 
assays: ELISA (enzyme linked immuno absorbent assay: with a secondary antibody conjugated 
to an enzyme), FIA (fluorescent immunosorbent assay: with a secondary antibody conjugated 
to a fluorescent label), CLIA (chemical linked immunosorbent assay, e.g., utilizing a 
secondary antibody conjugated to a chemi luminescent label), and RIA (radioimmuno assay; 
second antibodies labeled with a radioisotope). 
[227] 

[228] VII. IPMC Therapeutics 

[229] IPMC proteins (e.g., IPM 200) can represent a retinal anchor in the IPM adhesive 
complex. IPMC molecules can also serve as a receptor for growth factors and/or function as a 
growth factor itself. The present invention provides for both prophylactic and therapeutic 
methods of treating a subject having a disease or condition associated with abnormal IPMC 
bioactivity such as retinal detachment or macular degeneration. Subjects at risk for such a 
disease can be identified by a diagnostic or prognostic assay, e.g., as described herein. 
Administration of a prophylactic agent can occur prior to the manifestation of symptoms 
characteristic of the IPMC abnormality, e.g., such that development of the retinal detachment 
or macular degeneration is prevented or, alternatively, delayed in its progression. 
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[230] In general, the prophylactic or therapeutic methods comprise administering to the 
subject an effective amount of a compound which is capable of agonizing a wildtype IPMC 
activity or antagonizing a mutant (defective) IPMC activity. For example, an IPMC 
compound can be administered as a prophylactic, e.g., to act as an adhesive in cases of retinal 
detachment. 
[231] 

[232] A. Screening for IPMC therapeutics 

[233] The invention further provides screening methods for identifying IPMC therapeutics, 
e.g., for treating and/or preventing the development of a disease or condition associated with 
abnormal IPMC activity such as, e.g., retinal detachment or other macular degeneration- 
related diseases. An IPMC therapeutic can be any type of compound, including a native or 
synthetic protein, peptide, peptidomimetic, small molecule, nucleic acid, carbohydrate or lipid. 
Proteoglycan-associated oligosaccharides, functioning alone or in concert with their core 
proteins, mediate important biological events, including many that are crucial for the 
development, growth, function and/or survival of organisms. 

[234] The IPMC therapeutics can be identified using various assays depending on the type of 
compound and activity of the compound that is desired. In some methods, IPMC agonist or 
antagonist compounds are identified by selecting compounds which are capable of interacting 
with an IPMC protein or with a molecule capable of interacting with an IPMC protein. In 
general, a molecule which is capable of interacting with an IPMC protein is referred to as an 
"IPMC binding partner." In some methods, compounds are screened to identify agents which 
modulate the amount of IPMC protein produced by a cell. 

[235] In cell-free assays, IPMC therapeutics are identified using a reaction mixture 
containing an IPMC polypeptide and a test compound or a library of test compounds in the 
presence or absence of a binding partner. A test compound can be, e.g., a derivative of an 
IPMC binding partner, e.g., a biologically inactive target peptide, or a small molecule. The 
IPMC polypeptide can be labeled with a specific marker and the test compound or library of 
test compounds labeled with a different marker. Interaction of a test compound with an IPMC 
protein or fragment thereof or IPMC binding partner can then be detected by determining the 
level of the two labels after an incubation step and a washing step. Interaction can also be 
identified using, e.g., real-time BIA (Biomolecular Interaction Analysis, Pharmacia Biosensor 
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AB) as described, e.g., in BIAtechnology Handbook by Pharmacia. In such methods, 
detection depends on changes in the mass concentration of macromolecules at the biospecific 
interface, and does not require any labeling of interactants. In some methods, a library of test 
compounds can be immobilized on a sensor surface, e.g., which forms one wall of a micro- 
flow cell. A solution containing the IPMC protein, functional fragment thereof, IPMC analog 
or IPMC binding partner is then flown continuously over the sensor surface. A change in the 
resonance angle as shown on a signal recording, indicates that an interaction has occurred. 
[236] Cell-free assays can also be used to identify compounds which interact with an IPMC 
protein and modulate an activity of an IPMC protein. For example, an IPMC polypeptide is 
contacted with a test compound and the catalytic activity of IPMC protein is monitored. In 
one embodiment, the ability of the IPMC protein to bind a target molecule is determined. The 
binding affinity of the IPMC protein to a target molecule can be determined according to 
methods known in the art, e.g., as described in Holmquist et al. (1979) Anal. Biochem. 95:540; 
and U.S. Patent No. 5,259,045. 

[237] In cell based assays, a cell which is capable of producing IPMC protein is incubated 
with a test compound and the amount of IPMC polypeptide produced in the cell medium is 
measured and compared to that produced from a cell which has not been contacted with the 
test compound. For example, cells transfected with a reporter gene operably linked to an 
IPMC promoter, such as IPM 150 or IPM 200 promoter (as shown in SEQ ID NO: 7 or 22), 
can be used. The reporter gene can encode, e.g., a gene product that gives rise to a detectable 
signal or marker such as color change or fluorescence (e.g., chloramphenicol acetyl 
transferase, luciferase, P-galactosidase and alkaline phosphatase). The cells are then contacted 
with a test compound and determining the level of expression of the reporter gene. The 
specificity of the compound on the level of expression can be confirmed by various control 
analysis, e.g., measuring the expression of one or more control promoters. Compounds that 
can be tested with these methods include small molecules, proteins, and nucleic acids. In 
particular, this assay can be used to determine the efficacy of IPMC antisense molecules or 
ribozymes. 
[238] 

[239] B. IPMC polynucleotide therapeutics and gene therapy 
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[240] The therapeutic methods of the invention involve the administration of an IPMC 
polynucleotide that functions to inhibit or stimulate IPMC activity under in vivo physiological 
conditions, and is relatively stable under those conditions for a period of time sufficient for a 
therapeutic effect. As noted above, modified nucleic acids can be useful in imparting such 
stability, as well as for targeting delivery of the oligonucleotide to the desired tissue, organ, or 
cell. 

[241] Oligo- and poly-nucleotides can be delivered directly as a drug in a suitable 
pharmaceutical formulation, or indirectly by means of introducing a nucleic acid into a cell, 
including liposomes, immunoliposomes, ballistics, direct uptake into cells, and the like as 
described herein. For treatment of disease, the oligonucleotides of the invention will be 
administered to a patient in a therapeutically effective amount. A therapeutically effective 
amount is an amount sufficient to ameliorate the symptoms of the disease or modulate IPMC 
activity in the target cell, e.g., as can be measured using a using a cell based assay, e.g., as 
described in §III(A), supra. Methods useful for delivery of oligonucleotides for therapeutic 
purposes are described in U.S. Patent 5,272,065, incorporated herein by reference. Other 
details of administration of pharmaceutically active compounds are provided below. In 
another embodiment, oligo- and poly-nucleotides can be delivered using gene therapy and 
recombinant DNA expression plasmids of the invention. It will be recognized to those of skill 
that, to administer antibodies or therapeutic oligonucleotides to the brain, it is sometime 
necessary administer via intracerebro ventricular injections or other direct administration 
mode. 

[242] In some methods, a gene delivery system for an IPMC polynucleotide therapeutic can 
be introduced into a patient by any of a number of methods. For example, the gene delivery 
vehicle can be introduced by catheter (See U.S. Patent 5,328,470) or by stereotactic injection 
(Chen et al. (1994), Proc. Natl. Acad. Sci. USA 91 :3054-3057. An IPMC gene or cDNA, such 
as any one of the sequences represented in the group consisting of SEQ ID NOs: 1, 3, 5, 7, 8, 
10, 12, 14, 16, 18, 20, 22, 23, 25, and 27, or a sequence homologous thereto can be delivered 
in a gene therapy construct by electroporation using techniques described. Dev. et al. (1994), 
Cancer Treat. Rev. 20:105-1 15. Gene therapy refers to the introduction of an otherwise 
exogenous polynucleotide which produces a medically useful phenotypic effect upon the 
(typically) mammalian cell(s) into which it is transferred. 
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[243] In some methods, gene therapy involves introducing into a cell a vector that expresses 
an IPMC gene product (such as an IPMC polypeptide substantially similar to the IPMC 
polypeptide having a sequence of SEQUENCE ID NO: 2, 4, 6, 17, 19, 21, or 27 to increase 
IPMC activity, or an inhibitory IPMC polypeptide to reduce activity), expresses a nucleic acid 
having an IPMC gene or mRNA sequence (such as an antisense RNA, e.g., to reduce IPMC 
activity), expresses a polypeptide or polynucleotide that otherwise affects expression of IPMC 
gene products (e.g., a ribozyme directed to IPMC mRNA to reduce IPMC activity), or replaces 
or disrupts an endogenous IPMC sequence (e.g., gene replacement and gene knockout, 
respectively). Numerous other embodiments will be evident to one of skill upon review of the 
disclosure herein. 

[244] Vectors useful in IPMC gene therapy can be viral or nonviral, and include those 
described supra in relation to the IPMC expression systems of the invention. It will be 
understood by those of skill in the art that gene therapy vectors may comprise promoters and 
other regulatory or processing sequences, such as are described in this disclosure. Usually the 
vector will comprise a promoter and, optionally, an enhancer (separate from any contained 
within the promoter sequences) that serve to drive transcription of an oligoribonucleotide, as 
well as other regulatory elements that provide for episomal maintenance or chromosomal 
integration and for high-level transcription, if desired. A plasmid useful for gene therapy can 
comprise other functional elements, such as selectable markers, identification regions, and 
other sequences. The additional sequences can have roles in conferring stability both outside 
and within a cell, targeting delivery of IPMC nucleotide sequences (sense or antisense) to a 
specified organ, tissue, or cell population, mediating entry into a cell, mediating entry into the 
nucleus of a cell and/or mediating integration within nuclear DNA. For example, aptamer-like 
DNA structures, or other protein binding moieties sites can be used to mediate binding of a 
vector to cell surface receptors or to serum proteins that bind to a receptor thereby increasing 
the efficiency of DNA transfer into the cell. Other DNA sites and structures can directly or 
indirectly bind to receptors in the nuclear membrane or to other proteins that go into the 
nucleus, thereby facilitating nuclear uptake of a vector. Other DNA sequences can directly or 
indirectly affect the efficiency of integration. 

[245] Suitable gene therapy vectors may, or may not, have an origin of replication. For 
example, it is useful to include an origin of replication in a vector for propagation of the vector 
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prior to administration to a patient. However, the origin of replication can often be removed 
before administration if the vector is designed to integrate into host chromosomal DNA or 
bind to host mRNA or DNA. 

[246] As noted, the present invention also provides methods and reagents for gene 
replacement therapy (i.e., replacement by homologous recombination of an endogenous IPMC 
gene with a recombinant gene). Vectors specifically designed for integration by homologous 
recombination may be used. Important factors for optimizing homologous recombination 
include the degree of sequence identity and length of homology to chromosomal sequences. 
The specific sequence mediating homologous recombination is also important, because 
integration occurs much more easily in transcriptionally active DNA. Methods and materials 
for constructing homologous targeting constructs are described by e.g., Mansour et al., 1988, 
Nature 336: 348; Bradley et al., 1992, Bio/Technology 10: 534. See also, U.S. Patent Nos. 
5,627,059; 5,487,992; 5,631,153; and 5,464,764. In one embodiment, gene replacement 
therapy involves altering or replacing all or a portion of the regulatory sequences controlling 
expression of the IPMC gene that is to be regulated. For example, the IPMC promoter 
sequences (e.g., such as are found in SEQUENCE ID NO: 6) may be disrupted (to decrease 
IPMC expression or to abolish a transcriptional control site) or an exogenous promoter (e.g., to 
increase IPMC expression) substituted. 

[247] The invention also provides methods and reagents for IPMC gene knockout (i.e., 
deletion or disruption by homologous recombination of an endogenous IPMC gene using a 
recombinantly produced vector). In gene knockout, the targeted sequences can be regulatory 
sequences (e.g., the IPMC promoter), or RNA or protein coding sequences. The use of 
homologous recombination to alter expression of endogenous genes is described in detail in 
U.S. Patent No. 5,272,071 (and the U.S. Patents cited supra), WO 91/09955, WO 93/09222, 
WO 96/2941 1, WO 95/31560, and WO 91/12650. See also, Moynahan et al., 1996, Hum. 
Mol. Genet. 5:875. 

[248] Gene therapy vectors can be introduced into cells or tissues in vivo, in vitro or ex vivo. 
For ex vivo therapy, vectors may be introduced into cells, e.g., stem cells, taken from the 
patient and clonally propagated for autologous transplant back into the same patient (see, e.g., 
U.S. Patent Nos. 5,399,493 and 5,437,994, the disclosures of which are herein incorporated by 
reference). 
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[249] 

[250] C. Formulation and Dosages 

[251 ] The IPMC therapeutics of the present invention (e.g., IPMC polypeptides or fragments 
thereof, sense and antisense IPMC polynucleotides, anti-IPMC antibodies or binding 
fragments thereof, and antagonists or agonists (e.g. small molecule modulators) can be directly 
administered under sterile conditions to the host to be treated. For example, methods useful 
for delivery of oligonucleotides for therapeutic purposes are described in the art, e.g., in U.S. 
Patent 5,272,065. However, while it is possible for the active ingredient to be administered 
alone, it is often preferable to present it as a pharmaceutical formulation. Formulations 
typically comprise at least one active ingredient together with one or more acceptable carriers 
thereof. Each carrier should be both pharmaceutically and physiologically acceptable in the 
sense of being compatible with the other ingredients and not injurious to the subject. For 
example, the bioactive agent can be complexed with carrier proteins such as ovalbumin or 
serum albumin prior to their administration in order to enhance stability or pharmacological 
properties such as half-life. 

[252] Pharmaceutical compositions for use in accordance with the present invention can be 
formulated in a conventional manner using one or more physiologically acceptable carriers or 
excipients. They can be prepared by any methods well known in the art of pharmacy. See, 
e.g., Gilman et al (eds.) (1990) Goodman and Gilman's: The Pharmacological Bases of 
Therapeutics (8th ed.) Pergamon Press; and (1990) Remington's Pharmaceutical Sciences 
(17th ed.) Mack Publishing Co., Easton, P.a.; Avis et al (eds.) (1993) Pharmaceutical Dosage 
Forms: Parenteral Medications Dekker, N.Y.; Lieberman et al. (eds.) (1990) Pharmaceutical 
Dosage Forms: Tablets Dekker, N.Y.; and Lieberman et al (eds.) (1990) Pharmaceutical 
Dosage Forms: Disperse Systems Dekker, N.Y. 

[253] The pharmaceutical preparation of the gene therapy construct or compound of the 
invention can consist essentially of the gene delivery system in an acceptable diluent, or can 
comprise a slow release matrix in which the gene delivery vehicle or compound is imbedded. 
Alternatively, where the complete gene delivery system can be produced intact from 
recombinant cells, e.g., retroviral vectors, the pharmaceutical preparation can comprise one or 
more cells which produce the gene delivery system. 
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[254] Thus, the compounds and their physiologically acceptable salts and solvates can be 
formulated for administration by, for example, eye drops, injection, inhalation or insufflation 
(either through the mouth or the nose) or oral, buccal, parenteral or rectal administration. 
[255] A preferred method of administration is an eye drop. Preferred methods of 
administration also include choroidal injection, transscleral injection or placing a scleral patch, 
and selective arterial catheterization. Other preferred deliveries are intraocular, including 
transretinal, subconjunctival bulbar, scleral pocket and scleral cutdown injections. The agent 
can be alternatively administered intravascularly, such as intravenously (IV) or intraarterially. 
[256] The IPMC therapeutics can be administered alone or in combination with other 
molecules known to have a beneficial effect on retinal attachment or damaged retinal tissue, 
including molecules capable of tissue repair and regeneration and/or inhibiting inflammation. 
Examples of useful cofactors include basic fibroblast growth factor (bFGF), ciliary 
neurotrophic factor (CNTF), axokine (a mutein of CNTF), leukemia inhibitory factor (LIF), 
neutrotrophin 3 (NT-3), neurotrophin-4 (NT-4), nerve growth factor (NGF), insulin- like 
growth factor II (LaVail et al. (1998), Invest. Ophthalmol. Vis. Sci. 39:592-602), prostaglandin 
E2 (LaVail et al. (1998), Invest. Ophthalmol. Vis. Sci. 39:581-591), 30kD survival factor, 
taurine, and vitamin A. 
[257] 

[258] VIII Kits 

[259] The invention further provides kits for use in diagnostics or prognostic methods for 
diseases or conditions associated with abnormal IPMC activity, such as retinal detachment, 
chorioretinal degeneration, retinal degeneration or macular degeneration or for determining 
which IPMC therapeutic should be administered to a subject, for example, by detecting the 
presence of IPMC mRNA or protein in a biological sample. The kit can detect abnormal 
levels or an abnormal activity of IPMC protein, RNA or a degradation product of an IPMC 
protein or RNA. Some of the kit detect autoantibodies against an IPMC polypeptide. 
[260] The kits can contain at least one probe nucleic acid, primer set; and/or antibody 
reagent. For example, some kits contain a labeled compound or agent capable of detecting 
IPMC protein or mRNA in a biological sample; means for determining the amount of IPMC 
protein in the sample; and means for comparing the amount of IPMC protein in the sample 
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with a standard. The compound or agent can be packaged in a suitable container. The kit can 
further comprise instructions for using the kit to detect IPMC mRNA or protein. 
[261] Some kits contain one or more nucleic acid probes capable of hybridizing specifically 
to at least a portion of an IPMC gene or allelic variant thereof, or mutated form thereof. 
Preferably the kit comprises at least one oligonucleotide primer capable of differentiating 
between a normal IPMC gene and an IPMC gene with one or more nucleotide differences. 
[262] *** 

[263] The practice of the present invention can employ, unless otherwise indicated, 
conventional techniques of cell biology, cell culture, molecular biology, transgenic biology, 
microbiology, recombinant DNA, and immunology, which are within the skill of the art. Such 
techniques are explained fully in the literature. Molecular Cloning A Laboratory Manual 
(1989), 2nd Ed., ed. by Sambrook, Fritsch and Maniatis, eds., Cold Spring Harbor Laboratory 
Press; Hogan et al. (Manipulating the Mouse Embryo: A Laboratory Manual (1986), Cold 
Spring Harbor Laboratory Press; Current Protocols in Molecular Biology, Ausubel et al., John 
Wiley & Sons, N.Y., 1992; DNA Cloning, Volumes I and II, Glover, ed., 1985; 
Oligonucleotide Synthesis, M. J. Gait, ed., 1984; Nucleic Acid Hybridization, D. Hames & S. 
J. Higgins, eds., 1984; Transcription and Translation, B. D. Hames & S. J. Higgins, eds., 1984; 
Culture Of Animal Cells, R. I. Freshney, Alan R. Liss, Inc., 1987; Immobilized Cells And 
Enzymes, IRL Press, 1986; Perbal (1984), A Practical Guide To Molecular Cloning; See 
Methods In Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For 
Mammalian Cells, J. H. Miller and M. P. Calos, eds., Cold Spring Harbor Laboratory, 1987; 
Methods In Enzymology, Vols. 154 and 155, Wu et al., eds., Academic Press Inc., N.Y.; 
Immunochemical Methods In Cell And Molecular Biology (Mayer and Walker, eds., 
Academic Press, London, 1987; Handbook Of Experimental Immunology, Volumes I-IV, D. 
M. Weir and C. C. Blackwell, eds., 1986. 

[264] Many modifications and variations of this invention can be made without departing 
from its spirit and scope. The specific examples described herein are for illustration only and 
are not intended to limit the invention in any way. 

[265] All publications, figures, patents and patent applications cited herein are hereby 
expressly incorporated by reference for all purposes to the same extent as if each was so 
individually denoted. 
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[266] 

T2671 EXAMPLES 
[268] Example 1. Characterization of IPM 150 and IPM 200 Sequences 
[269] The present inventors have identified the nucleotide and amino acid sequences of IPM 
150 and IPM 200 molecules in various species, as shown in the attached sequence listing. 
Characterization of these molecules has been performed in part as described below. Unless 
otherwise indicated, IPM 150 molecule discussed in the Examples relates to the human IPM 
150 isoform A variant that is encoded by the cDNA and amino acid sequences shown 
respectively in SEQ ID NOs: 27 and 28. 

[2701 a. Tissues : Human eyes were obtained from MidAmerica Transplant Services (St. 
Louis, MO) and the University of Iowa Lion's Eye Bank (Iowa City, IA) and processed within 
three hours of cardiac cessation under approved Institutional Review Board protocols. Human 
eyes were obtained from donors less than 60 years of age and without any known ocular 
disorder. Monkey eyes and other organs were obtained from cynomolgus macaque monkeys 
(Macaca fascicularis) immediately after barbiturate-induced euthanasia. All animals were 
treated in conformity with the NIH "Guide for the Care and Use of Laboratory Animals", the 
ARVO "Resolution for the Use of Animals in Research" and the established guidelines of St. 
Louis University and the University of Iowa. 

[271] b. Isolation of IPM : Human and monkey neural retinas were separated from the 
RPE and incubated in 10 mM phosphate buffered saline (PBS), pH 7.4, containing a cocktail 
of protease inhibitors (2 mM phenylmethylsulfonylfluoride, 10 mM N-ethylmaleimide, 1 
ug/ml pepstatin A, 1 ug/ml leupeptin, 0.02% sodium azide, 100 KlU/ml aprotinin, 100 mM 6- 
amino-n-caproic acid, 5 mM benzamidine-HCl and 0.04% EDTA) for 5-10 min, with slight 
agitation, to remove soluble IPM constituents (15). The isolated retinas were then placed in 
(1) 4 M urea in 10 mM PBS containing 0.5% NP-40 and protease inhibitors or (2) distilled 
water for 7-10 minutes at 4°C, with slight agitation, until the IPMC protein dissociated from 
the photoreceptor cells. The resulting sheets of insoluble IPMC proteins were isolated, 
dialyzed against 10 mM PBS pH 7.4, their protein content determined using a micro BCA 
assay (Pierce), pelleted by centrifugation and frozen at 80°C, or lyophilized for subsequent 
analyses. Alternatively, pellets were resuspended in PBS and repelleted 7-10 times. 
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[272] c. Identification oflPM 150 and IPM 200 Proteins : Aqueous-insoluble human 
and monkey IPMC protein preparations were homogenized and digested with protease-free 
chondroitin ABC lyase (E.C. 4.2.2.4) (Seikagaku Ltd., Rockville, MD) at a concentration of 2 
U/ml, in the presence of protease inhibitors, for 2 hrs. at 37°C. Western blot analyses of 
chondroitinase-treated IPMC preparations from pig, monkey and human retinas demonstrated 
bands of approximately 150 kDa and 200 kDa (and minor bands of 180 kDa and 220 kDa in 
pig and monkey, respectively) that were labeled by AC6S antibody and PNA. The 150 kDa 
bond was designated IPM 150, and the 200 kDa band was designated IPM 200. The 150 kDa 
band appears to contain two glycoproteins; one that binds PNA and migrates to a lower 
molecular weight following exposure to neuraminidase and O-glycanase, and a second 
neuraminidase-insensitive component that binds PHA-L. Following complete 
deglycosylation, AC6S binds to a band of approximately 55-58 kDa. These studies indicate 
that at least two distinct chondroitin 6-sulfate-containing proteoglycans are associated with 
CMSs. 

[273] Proteins were separated on one- or two-dimensional SDS-polyacrylamide gels under 
denaturing conditions, transferred to sequencing grade PVDF membranes (Immobilon P, 
Millipore Corp., Bedford, MA) and briefly stained with 0.1% Coomassie blue. IPM 150 bands 
were identified by comparison to adjacent blot strips and incubated with PNA or AC6S 
antibody. To identify bands of interest, some lanes were blocked in 50 mM Tris buffer, pH 
7.4, containing 1 mM MgCl 2 , 1 mM CaCl 2 (TMC) and 0.2% Tween 20, with or without 2% 
BSA for 45 minutes, and subsequently rinsed in TMC. The blot strips were exposed to HRP- 
conjugated lectins or antibodies (followed by HRP-conjugated secondary antibodies) diluted 
in TMC (1/50-1/500), for one hour, and rinsed in TMC and the HRP-conjugated probes 
visualized using 4-chloro-l-naphthol and hydrogen peroxide. Some blot strips can also be 
stained for total protein using India ink (1 ul/ml) in TMC with 0.2% Tween 20. Identified 
bands, especially IPM 150 and IPM 200 were used for direct amino acid sequencing or eluted 
in the presence of CNBr. 

[274] For direct amino acid sequence, bands containing IPM 150 protein and IPM 200 
protein were excised and the proteoglycans eluted in 25 mM Tris containing 192 mM glycine 
and 0.1% SDS using a BioRad electro-eluter. The NH 2 -terminal amino acid sequence for IPM 
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150 was determined by Edman degradation. Sequence for every region was obtained at least 
twice. 

[275] Two strategies for generating and isolating CNBR peptides from SDS-PAGE-purified 
IPM 150 and IPM 200 proteins can be utilized. A blotting procedure allows one to easily 
remove SDS from PVDF and allows for reliable elution of PVDF-blotted proteins in high 
yield. As an alternative approach or when tryptic peptides are required, an "in-gel" digestion 
procedure was used to generate IPM 150 and IPM 200 peptides. 

[276] CNBr Peptides from Blotted Proteins. PVDF blots were washed with HPLC grade 
water and stained with 0.05% Coomassie blue in 50% methanol for five minutes. Individual 
protein bands were cut into 1x2 mm pieces and submerged in 500ul of ice-cold 95% acetone 
for one hour. The supernatant was removed and the PVDF-bound protein washed with 
another 500 ul of acetone. The membrane was air-dried, submerged in 100 ul of 70% formic 
acid, and 10 ul of 70 mg/ml CNBR per 10 ug of blotted protein added. Blots were incubated 
in the dark for 24 hours, at room temperature, the supernatant removed, the membranes dried, 
and 100 ul of 40% acetonitrile added to the membranes. Following incubation at 37°C, for 3 
hours, the supernatant was removed and pooled with the previous supernatant. Finally, the 
PVDF pieces were extracted again at 50°C with 100 ul of 0.05% TFA in 40% acetonitrile, the 
supernatant combined with the two prior extracts, and collectively dried under vacuum. 
Chromatographically isolated IPM 150 and IPM 200 were digested by redissolving dried 
samples in 70% formic acid (v/v) and adding a 20- to 100-fold molar excess (over the 
methionyl residues) of CNBR, for 24 hours. The reaction was stopped by drying the sample 
under vacuum. 

[277] CNBr Peptides From "In-gel" Tryptic Digestion: Other amino acid sequences were 
obtained from fragments of IPM 150 generated by an "in-gel" trypsin digestion protocol. 
Briefly, chondroitinase ABC-treated IPMC protein preparations were separated by SDS- 
PAGE, the gels were stained with 0.1% Coomassie and IPM 150 was identified and excised. 
Gel strips were incubated, at 37°C, for 24 hours, in a 1 :25 (weight-to- weight) ratio of trypsin 
(Boehringer Mannheim, Indianapolis, IN) to protein. Following incubation, the gel pieces 
were shaken at room temperature for 8 hours to extract peptides. The resulting fragments 
were fractionated using reverse phase HPLC in 0.2 ml of a 2 M urea solution. Separated 
peptides were detected by absorbance at 210 nm and collected using a peak detector. Selected 
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peptides were subjected to amino acid sequencing at the W. K. Keck Foundation (New Haven, 
CT). 

[278] Alternatively, IPM 1 50, IPM 200, and homolog proteoglycans of the invention can be 
selectively isolated from other insoluble IPMC glycoproteins based on their high concentration 
of carboxyl and sulfate ester groups and high negative charge. Insoluble IPMC protein 
preparations are dialyzed against 8 M urea in 50 mM Tris-HCI, pH 6.8, and subsequently 
applied to a HPLC TSK DEAE-5PW analytical ion exchange column. Bound proteoglycans 
are eluted by a linear salt gradient of 0.15-1.0 M sodium chloride. IPM 150 and IPM 200 elute 
between 0.4-0.5 M sodium chloride. IPM 150- and IPM 200-containing fractions are pooled, 
dialyzed against distilled water, and lyophilized. Lyophilized samples are chondroitinase 
ABC-treated and separated by HPLC size exclusion chromatography on a TSK 4000PW- 
3000PW column in the presence of 4 M guanidine hydrochloride in 10 mM Tris-HCI, pH 7.0, 
containing protease inhibitors. The two peaks containing IPM 150 and IPM 200 are collected 
and the presence of IPM 150 and IPM 200 in the fractions verified by Western blot analysis. 
These fractions can be utilized for analysis of core proteins and carbohydrates of IPM 150 and 
IPM 200 and homologs, allelic variant and mutants thereof. Other fractions can be saved for 
analyses of additional IPMC protein constituents. 

[279] The predicted molecular weight of the "native" IPM 1 50 core protein, as deduced from 
its cDNA sequence, is about 77.8 kDa. The protein migrates at approximately 150 kDa on 
SDS-PAGE gels under denaturing conditions following digestion of native IPM with 
chondroitinase ABC. The discrepancy between the calculated and the observed molecular 
weights of IPM 150 is most likely due to the presence of N and/or O-glycosidically linked 
oligosaccharides that remain attached to the protein after chondroitinase treatment. This 
contention is supported by biochemical analyses demonstrating that IPM 150 migrates at 80 
kDa and 105 kDa following enzymatic or chemical deglycosylation, respectively. 
[280] As an initial step in determining whether the difference in molecular weights of IPM 
150 and IPM 200 is manifested by differences in their protein and/or their oligosaccharide 
compositions, CNBR and/or tryptic peptides derived from human IPM 150 and IPM 200 can 
be separated and the resultant profiles from the two proteoglycans compared for consistent 
differences in the numbers or sizes of resultant peptides. The resulting peptides are separated 
on a Vydac C-18 reverse phase HPLC column equilibrated in 0.05% TFA and 1.6% 
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acetonitrile, and eluted with increasing concentrations of the same buffer. Peptides are 
collected by peak with the use of an ISCO peak detector. Samples are stored at 5°C or applied 
directly onto polybrene coated GF-C filters and their amino acid sequences determined. This 
procedure provides "CNBR peptide maps" of IPM 150 and IPM 200. Differences in numbers 
of peptides might indicate variation in amino acid sequence, since CNBR cleaves at 
unoxidized methionine residues. Overall differences in apparent sizes of peptides indicate 
either a true difference in amino acid composition or the presence of glycanated variants of the 
same peptide. 

[281] The N-termini of CNBR- and/or tryptic-derived peptides can be subjected to amino 
acid sequencing using an Applied Biosystems sequencer equipped with on-line HPLC 
systems. Approximately 0.05-1.0 nra of protein/peptide is sufficient to sequence between 15 
and 40 residues, respectively. Amino acid sequences obtained in this fashion are verified by 
sequencing the same peptide at least twice. Since greater than 80% of eukaryotic proteins 
have blocked amino termini that preclude direct amino acid sequencing, this strategy provides 
information pertaining to partial amino acid sequences of IPMC core proteins that might be 
unattainable otherwise. Results obtained from these analyses provide information about 
differences in amino acid sequences of IPMC core proteins in humans; similar analyses can be 
performed using monkey and pig IPMC protein if their CNBR profiles differ significantly 
from those observed in humans. 

[282] Direct amino-terminal amino acid sequencing resolved 31 and 20 amino acids of the 
amino termini of monkey and human IPM 150, respectively. Alignment of these two 
sequences reveals a high degree of sequence conservation between the two species. 
Comparison of these sequences to those in the NCBI database indicates that IPM 150 is not 
homologous to other proteins. 

[283] N-terminal amino acid sequences of eight core proteins from human, monkey and pig 
IPMC protein were determined. The sequences show that (1) the core proteins of the IPM 
150, and IPM 200 proteins share a strongly conserved N-terminus; (2) that these proteins are 
conserved among higher mammalian species; and (3) that the amino acid sequences are 
unique. Specific conservative amino acid substitutions were observed, however, at both the 
intra- and inter-species levels. 
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[284] d. Reverse Transcription-Polvmerase Chain Reaction (RT-PCR) : Total retinal 
RNA was isolated from monkey and human retinas using RNAStat-60 reagent (Tel-Test, Inc., 
Friendswood, TX) and 100 ng/tube were reverse-transcribed using random hexamer primers 
and the GeneAmp® RNA PCR Kit (Perkin Elmer Cetus, Foster City, CA). For the initial 
experiments, monkey retinal cDNA was PCR amplified. During the synthesis of these 
primers, inosine residues were used in positions of complete degeneracy. In the first step, 200 
ng/tube total RNA is reverse transcribed with M-MLV reverse transcriptase using random 
hexamers or oligo (dT) primers for 5 minutes at room temperature, followed by incubation at 
42°C for 15 minutes. The enzyme is then denatured by heating at 95°C for 15 minutes. 
cDNA is amplified at annealing temperatures 2°C below the melting point of the primers or, in 
the case of degenerate primers, 2°C below the lowest melting point possible for that primer, 
for 30 cycles. Ten percent of the reaction is analyzed by agarose gel electrophoresis. If no 
amplification product is observed, a small aliquot of the reaction is used as template in a 
second amplification reaction. If an amplification product is present, the experiment is 
repeated, at least twice, from a new stock of RNA; only those amplification products which 
occur consistently are used for subcloning. Following amplification, 10% of the reaction is 
analyzed by agarose gel electrophoresis. When an amplification product is obtained, the 
experiment is repeated, at least twice, from a new stock of RNA. A monkey amplification 
product of 580 bp was isolated and ligated into the Srfl site of the vector PCR-Script SK 
(Stratagene, La Jolla, CA). The resulting clone, designated 70-1, was sequenced and shown to 
encode 192 amino acids of monkey IPM 150, starting at the presumed amino terminus. The 
deduced amino acid sequence features two possible N-glycosylation sites, numerous potential 
glycosylation sites, four cysteine residues, and two hyaluronate-binding motifs. 
[285] Another clone, designated 9-5#3, was generated by RT-PCR. Human retinal RNA was 
reverse transcribed, using a primer complementary to nucleotides 2927 to 2943 of the human 
IPM 150 sequence. The resulting single-stranded cDNA was amplified by PCR. The 
resulting PCR fragment was ligated into the vector PCRII (InVitrogen, Carlsbad, CA) and 
subcloned according to standard art known methods. 

[286] e. cDNA Libraries . Five cDNA libraries, derived from poly A (+) RNA isolated 
from human and pig ocular tissues, were generated. They are: human retina— 1 .6x1 0 6 
independent clones (random primed; Xgtl 1); pig retina~0.5xl0 6 independent clones (random- 
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and oligo (dT)-primed; Xgtl 1); and pig retina/RPE/choroid--5.0xl0 6 independent clones 
(random- and oligo (dT)-primed; XZapII). 

[287] Construction of XZapII phagemid libraries is performed as follows: Double-stranded 
cDNA with cohesive EcoR I ends are synthesized using the Superscript™ Choice System 
(Gibco BRL). mRNA is reverse transcripted in a reaction primed by oligo(dT) and/or random 
hexamers catalyzed by Superscript™ II out in the same tube to increase the yield of double- 
stranded cDNA. EcoR I adaptors are added without having to methylate or restriction enzyme 
digest the cDNA. The cDNA is made vector-ready by passage over a column that removes 
unincorporated adapter-arms (Pharmacia). The mixture is packaged with Gigapack packing 
extract (Stratagene) and transfected into E.coli XL-1 Blue cells (Stratagene). The number of 
independent clones is assessed prior to the screening of each library. 
T2881 f. Screening cDNA Libraries with DNA Probes . Human and monkey cDNA 
libraries in IZapII are plated to a density of approximately 3000 pfu per 100 mm plate on 
E.coli XL-1 Blue host cells. Duplicate plaque lifts are prepared using Hybond N nylon filters 
(Amersham). cDNA probes are 32 P-labeled in a random-primed reaction using a multi-primer 
DNA labeling kit (Amersham), purified over G-50 columns, heat denatured and added to the 
prehybridization mix. Hybridization can be performed for 8-20 hours at 65°C. After 
hybridization the filters are washed at room temperature for 3x5 minutes in 2X SSC 
containing 0.3% SDS and then 2x3 minutes in 0.2X SSC containing 0.3% SDS. Final wash 
stringencies can be decreased or increased depending on the source and sequence of the cDNA 
probe and level of background radiation detected on the autoradiograms. Autoradiograms are 
aligned with the filters and plates. Only plaques giving a signal on both filters are isolated, 
replated at a lower density (~500pfu/plate) and rescreened until well-isolated positive plaques 
are obtained. Lambda gtll libraries are screened in a similar fashion, with the exception that 
E.coli 71090 are used in place of XL-1 Blue cells as host. 
[289] g. Isolation and analysis of human IPM 150 cDNA sequence 
[290] A commercially available human retinal cDNA library in Xgtl 1 (Clontech Laboratories 
Inc., Palo Alto, CA) was screened by plaque hybridization, using probes derived from clone 
70-1. Plaques were plated to a density of approximately 10,000 pfu per 150 mm Petri dish on 
E. coli Y1090 host cells. Duplicate plaque lifts were prepared using nitrocellulose filters 
(Schleicher & Schuell, Keene, NH). cDNA probes were labeled with 32 PdCTP in a random- 
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primed reaction and hybridized to the plaques for 12-20 hrs at 65°C. After hybridization, the 
filters were washed at room temperature for 10 min in 2X SSC (0.3 M NaCl and 30 mM 
sodium citrate) containing 0.3% SDS, and two additional times, for 10 min each time in 0.2X 
SSC containing 0.1% SDS at 60°C. Plaques giving signals on autoradiograms derived from 
both filters were isolated, eluted in ^-buffer (10 mM Tris, pH 7.5 and 10 mM MgCl), replated 
at a lower density (-500 pfu/plate), and rescreened until isolated, positive plaques were 
obtained. cDNA inserts of purified X,gtll clones were PCR-amplified using primers to the 
flanking regions of \gt\l and ligated into pCRII using the TA cloning kit (InVitrogen, 
Carlsbad, CA). 

[291] Three cDNA clones, designated 8.1.2, 1 1.1.1 and 12.3.1, were isolated, sequenced and 
assembled into one contiguous sequence. The assembled nucleotide sequence of 3,261 bp 
(SEQ ID NO: 27) contains an uninterrupted open reading frame of 2,313 bp and several 
hundred bp of untranslated 5' and 3' regions. Verification that the assembled sequence 
encodes human IPM 150 is provided by the presence of the complete amino-terminal amino 
acid sequence, as well as all internal peptides, within the deduced amino acid sequence. 
[292] Clone 8. 1 .2 lacks a 234 bp segment within its 5' region that encodes the amino 
terminus of IPM 150. This clone can represent a cloning artifact or it can indicate the 
existence of IPM 150 isoforms. PCR product encompassing the entire open reading frame of 
IPM 150 was cloned. PCR amplification of reverse-transcribed human retinal RNA yields a 
2579 bp fragment which has been subcloned and designated 9p#3. This clone is completely 
homologous to the assembled sequence and includes the 234 bp region that is absent in clone 
8.1.2. 

[293] Clone 12.3.1 encodes a 809 bp fragment of human IPM 150, comprising 280 bp of the 
5'UTR and 589 nucleotides of the coding region, and shares 94% homology to the 5' region of 
the monkey homo log between nucleotides 73 and 256 (human) and 2 and 185 (monkey), using 
BESTFIT analysis with a gap weight of 12 and a length weight of 4. Clone 12.3.1 appears to 
display the same features/motifs as p70-l with the exception that an additional N- 
glycosylation site is present and a potential hyaluoronan-binding motif occurs in the leader 
sequence. 

[294] NCBI Database searches of the compiled nucleotide and amino acid sequences show 
that they are novel. A few expressed sequence tags (ESTs), derived from human retina, vein 
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endothelial cells, and brain, however, share homology with IPM 150 (GenBank Accession 
numbers H38604, W26960, H38594, AA326863 and AA296278). Translation of the open 
reading frame of the assembled cDNA sequences encodes a protein of 771 amino acids with 
an isoelectric point of 4.70 and a predicted molecular weight of 86.36 kDa. The protein is 
generally hydrophilic (Kyte and Doolittle (1982), J. Mol. Biol. 157:105-132) except for the 
first 18 amino acids which form a hydrophobic region flanked by charged amino acid residues; 
this region can represent a signal sequence. 

[295] A distinct distribution of consensus sequence sites for N- and O-linked glycosylation 
are present in IPM 150. There are several consensus sequences for N-linked glycosylation 
(Kornfeld and Kornfeld (1985), Ann. Rev. OfBiochem. 54:631-664) sequestered in the amino- 
terminal (amino acids 71 to 217 (SEQ ID NO: 28) and the carboxy-terminal (beginning at 
amino acid 591 (SEQ ID NO: 28) portions of the IPM 150 core protein. In contrast, the 
central domain of IPM 150 (between amino acids 220 and 565 (SEQ ID NO: 28) features 17 
sites which are suitable for O-linked glycosylation, as predicted by a proposed algorithm for 
the activity of polypeptide N-acetylgalactosaminyl-transferase. Hansen et al. (1995), 
Biochem. J. 308:801-813. There is almost no overlap between the regions containing potential 
O- and N-linked glycosylation sites. Hyaluronan binding consensus sequences (Yang et al. 
(1994), EMBOJ. 13:286-296) and several cysteine residues are also present in the amino- and 
carboxy-terminal regions of the core protein. The distribution of the carboxy-terminal 
cysteine residues closely resembles that of EGF-like domains (Rees et al, (1988), EMBO J. 
7:2053-2061), motifs that are present in many extracellular matrix proteins. Consensus 
sequences for other domains that are commonly associated with extracellular matrix proteins, 
including immunoglobulin-like (Williams and Barclay (1988), Ann. Rev. Immun. 6:381-405) 
and lectin-like domains (Krusius et al. (1987), J. Biol. Chem. 262:13120-13125), are not 
present in IPM 150. 

[296] h. Subcloning cDNA Inserts . Positive plaques are picked and resuspended in 0.5 
ml SM (.1 M NaCl, 1 mM MgS0 4 , 5 mM Tris, pH 7.5, and 2% gelatin). Inserts in ^ZapII 
phagemids are subcloned by in vivo excision as described by the manufacturer (Strategine). 
The resulting pBluescript SK(-) plasmids are transferred into E.coli XL-1 Blue. Inserts 
contained within A.gtl 1 are isolated using the Wizard Lambda Prep kit (Promega), released by 
EcoRl digestion and subsequently ligated into pBluescript. Plasmid DNA is isolated using 
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Wizard miniprep resins (Promega) and assayed for insert size by restriction enzyme digest and 
size fractionation on 0.7-1.5% agarose gels. 

[297] i. Anchored PCR . cDNA amplification using one-sided, or "anchored," PCR can 
be used to obtain missing sequence information. Regions upstream (5') or downstream (3') of 
known sequence can be amplified by this method. To amplify unknown sequences 
downstream, anchored PCR is performed using 100-300 ng total poly (A) + retinal RNA and 
these primers: an oligo (dT) primer and two sequence-specific primers, one of the original 
amplification reaction (primer 1) and the second (primer 2; an internal sequence-specific 
primer, which can partially overlap primer 1) for the reamplification reaction. The mRNA is 
reverse-transcribed as described above, with an oligo (dT) primer. The resulting cDNA is 
amplified using oligo (dT) and sequence-specific primer 2. Analysis of an aliquot of the first 
amplification reaction by agarose gel electrophoresis should reveal a smear, whereas analysis 
of the reamplification reaction should appear as a single band which are subcloned into a 
plasmid vector, pCRII, using a TA cloning kit version 2.2 (Invitrogen) and sequenced. 
Amplification of unknown sequences upstream of known sequence by anchored PCR employs 
a slightly different strategy than for amplification of unknown downstream sequences. To 
obtain unknown upstream sequences, the reverse transcription reaction is anchored by one of 
the sequence-specific primers. The resulting cDNA is then modified or "tailed" in a terminal 
deoxynucleotidyltransferase catalyzed reaction at the 3' end by the addition of a poly (A) + tail. 
Two PCR reactions mediated by two sequence-specific primers and oligo (dT) complementary 
to the newly synthesized tail is carried out as above to yield the desired unique product. 
[298] Subcloned cDNA fragments were manually sequenced by dideoxy nucleotide chain 
termination using the Sequenase Version 2.0 DNA sequencing Kit (Amersham, Arlington 
Heights, IL) and a- 35 S-dCTP. Both strands are analyzed at least twice using either vector- 
specific primers or custom oligonucleotide primers. 

[299] j. characterization of IPM 200 genomic and cDNA sequences 
[300] To identify bacterial artificial chromosome (BAC) clones containing the human IPM 
200 gene, several PCR primer pair were generated in accordance with the human IPM 200 
cDNA sequence. A commercially available BAC library (Genome Systems, St. Louis, MO) 
was screened with the primers, and three positive clones, designated BAC 493P03, 366H7, 
and 325H22 were obtained. The human genomic DNA contained in these clones was then 
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isolated and fragmented by digestion with either Hindlll, Sad or EcoRI restriction 
endonucleases. The resulting fragments were ligated either into dephosphorylated vector 
pBluescript SK- or pClonesure without further purification. 

1301] Following transformation by electroporation into E. coli TOP 10, cells were grown 
overnight at 37 C on LB-broth based agar plates containing carbencillin (50 ug/ml). From 
each restriction digest 48 subclones were selected at random from these plates and arrayed in a 
96 well microtiter plates. In order to identify subclones containing specific regions of IPM 
200 nitrocellulose membranes were placed on LB-agar plates containing carbencillin and a 
small number of cells from each subclone was transferred to establish colonies directly on the 
membranes. Colonies were grown overnight at 37°C. DNA bound to the filter was then 
denatured by incubation in 0.5 M NaOH, 1.5 M NaCl for 5 minutes, neutralized in 1 M Tris 
(pH 8.0), 1 .5 M NaCl for 5 minutes, briefly rinsed in 2 x SSC and crosslinked to the 
membranes by UV irradiation. The filters were incubated overnight with oligonucleotides, 
designed according to the IPM 200 cDNA sequence, which had been radiolabeled by 
incubation with T4 polynucleotide kinase in the presence of g32(P)ATP. Following removal 
of unbound probe, filters were exposed to x-ray film in order to identify subclones yielding 
hybridization signals. 

[302] Plasmids were isolated from these colonies and sequenced using either the primers 
used during the hybridization or additional, specifically designed primers. Alternatively, 
genomic sequences were derived by directly sequencing purified BAC DNA using specific 
oligonucleotide primers. Exonic sequences were determined by comparison of the obtained 
genomic sequences to the cDNA. 

[303] k. Comparisons Between Nucleotides or Amino Acid Sequence : 
[304] Alignment of the human IPM 150 and IPM 200 amino acid sequences reveal that the 
size, distribution and overall organization of exons is highly conserved between the two genes. 
Closer analysis indicates that regions of high amino acid sequence conservation correspond 
directly to regions in which the genomic organization is more stringently preserved. In 
regions of the genes that encode the more highly conserved amino- and carboxy-terminal 
regions of the IPM 150 and IPM 200 proteins, the intron/exon boundaries often occur 
precisely at the same amino acid (see, e.g., Figure 4). The conservation of genomic structure 
is less stringent in the regions that encode the central domains of the IPM 150 and IPM 200 

63 



proteins. These are the same regions in which the primary structures of the proteins are also 

less conserved. 

[305] 

[306] Example 2. Characterization of IPM 150 and IPM 200 Oligosaccharides 
[307] In order to characterize potential variations between IPM 1 50 and IPM 200 
oligosaccharides, to determine the types of oligosaccharides present, and to determine the 
specific regions of the core glycoproteins that are glycosylated in normal and diseased tissue, 
CNBR peptides of normal human and monkey IPM 150 and IPM 200 proteins are generated 
and their oligosaccharides characterized. 

[308] a. CNBR Mavs/Dot Blots . CNBR peptides are generated from human and 
monkey IPM 150 and IPM 200 proteins. Based on the amino acid sequences obtained from 
the ammo-termini of each peptide, the position of the peptide within the core protein are 
identified, assuming the complete deduced amino acid sequences are available from cDNAs 
encoding IPM 150 and IPM 200. For any given peptide that contains a putative 
oligosaccharide or GAG attachment consensus sequence, one can determine whether that site 
is glycosylated. 

[309] In order to determine which CNBR peptides are glycosylated, CNBR peptides are 
incubated with various glycosidases (and/or other agents, such as nitrous acid, that remove 
oligosaccharides) in the presence of a protease inhibitor cocktail and separated by reverse 
phase HPLC. The resulting profiles are compared to profiles derived from non-deglycosylated 
CNBR peptides. A shift in any individual CNBR-derived peptide confirms that it is 
glycosylated. In addition, this provides information about the type of oligosaccharide and 
linkage involved. Subsequently, 2-4 [d of CNBR peptides in 0.1% TFA are applied to 
ProBlott membranes (Applied Biosystems) prewetted with methanol, followed by water, and 
placed on water-soaked Whitman 3M paper. Membranes are air-dried, rewetted in methanol 
and subsequently soaked in 15 ml of blocking buffer (50 mM Tris-HCI containing 0.5 M 
NaCl, and 2% polyvinylpyrrolidone-360), pH 7.5, for one hour at room temperature. The 
membranes are incubated for 1 -2 hours, at room temperature, in blocking buffer containing 1 0 
ul/ml of various HRP-conjugated lectins (including PNA, WGA, LFA, and Con- A) or 
antibodies (e.g., AC6S) followed by the appropriate HRP-conjugated secondary antibodies. In 
order to confirm that specific CNBR peptides are glycosylated, they are incubated in the 
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presence of glycosidase(s) (including O-glycosidase, N-glycosidase, chondroitinase, 
heparanase, neuraminidase), reapplied to ProBlott, reprobed with the same lectins and/or 
antibodies, and compared to their nondeglycosylated precursors. These blots are utilized to 
determine the specificities of various monoclonal and polyclonal antibodies for core protein 
and/or carbohydrate epitopes. 

[310] b. Fluorophore-Assisted Carbohydrate Electrophoresis . Oligosaccharides 
associated with IPM 150 and IPM 200 are profiled, the monosaccharide compositions of 
specific oligosaccharides (or of the collective oligosaccharide composition of IPM 150 and 
IPM 200) are determined, and specific oligosaccharides are isolated, purified, and sequenced. 
This is accomplished using fluorophore-assisted carbohydrate electrophoresis (FACE), a 
recently developed technology based on the separation of fluorophore-derivatized 
carbohydrates on polyacrylamide gels (Glyko; Novato, CA). 

[311] c. Release of Oligosaccharides . Oligosaccharides are released from intact IPM 
150 and IPM 200 and/ or from CNBR peptides. O-linked sugars are released with O- 
glycosidase, N-linked oligosaccharides with endoglycosidase H or N-glycosidase F, and 
GAGs with nitrous acid. These methods preserve a free reducing end on the oligosaccharides 
that are labeled by reductive amination with the fluorescent tag, l-aminoaphthalene-3, 6, 8- 
trisulfonic acid (ANTS). Once labeled with ANTS, all carbohydrates acquires a net negative 
charge that allow their separation on polyacrylamide gels. Pre-packaged kits for all these 
methods are used as supplied by Glyko (Novato, CA). 

[312] d. Separation of Oligosaccharides . Oligosaccharides (native or sialyated 
oligosaccharides following removal of sialic acid) as large as 1 00 kDa are separated based on 
size, in comparison with a mixture of dextran standards (or used unsaturated oligosaccharides 
for GAGs). Since the separation of oligosaccharides is influenced by the charge/mass ratio of 
the saccharide as well as its hydrodynamic volume, oligosaccharides that contain sialic acid 
migrate faster than larger neutral oligosaccharides. These separations provide information 
pertaining to the degree and type of glycosylation on individual CNBR peptides. 
[313] e. Monosaccharide Composition Analyses . Individual oligosaccharides are eluted 
from polyacrylamide gels and hydrolyzed into free monosaccharides using acid hydrolysis. 
Monosaccharides are labeled with ANTS and separated electrophoretically on 5% gels. The 
resulting profiles of neutral, amine and sialic acids is compared to monosaccharide standards. 
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Gels are photographed using an electronic imaging system based on a CCD camera. 
Quantitative analyses of the resolved components is obtained by high-resolution, computer- 
assisted image analysis. 

13141 f. Oligosaccharide Sequencing . Oligosaccharides eluted from gels are exposed to 
a battery of specific glycosidic enzymes (including neuraminidase, P-galactosidase, 
hexosaminidase, a-mannosidase, p-mannosidase, and fucosidase) and rerun on 
polyacrylamide gels. Migration patterns of variously treated oligosaccharides provide 
sequence information of specific oligosaccharides. Should more specific data on linkage 
analysis be required, purified IPM 150 and IPM 200 and/or CNBR peptides derived from these 
proteoglycans can be sent to the Complex Carbohydrate Research Center (Athens, GA) for 
analyses using gas chromatography-mass spectrometry, fast atom bombardment/mass 
spectrometry or nuclear magnetic resonance. 
[315] 

[316] Example 3. Characterization of Foveal IPMC Protein Glycoconjug ates 
[31 7] Western blot analyses was used to characterize the size(s) and carbohydrate 
composition(s) of fovea-associated IPM glycoproteins and proteoglycans. 1-1.5 mm diameter 
punches of monkey and human foveas were homogenized in PBS containing protease 
inhibitors. 

[318] A portion of the homogenate was digested with chondroitinase ABC and another 
portion completely deglycosylated. The enzyme-treated and untreated portions were separated 
by SDS-PAGE and electroblotted onto nitrocellulose. The blots were probed with antibodies 
generated against components of the extrafoveal IPM, including IPM 150 and IPM 200. 
Reaction of these antibodies with fovea-derived bands of the same apparent molecular 
weight(s) as IPM 150 and IPM 200 indicate that the fovea contain the same, or similar, 
proteoglycans present in the extrafoveal IPMC protein. 

[319] In addition, the identification of IPM 150 and IPM 200 core glycoproteins in the lanes 
from non-chondroitinase-treated foveas provided evidence that foveal IPMC core proteins are 
similar to IPM 150 and/or IPM 200, except for the presence of chondroitin sulfate. Blots were 
also incubated with various lectins that bind to foveal IPMC protein. Various bands were 
excised and their N-terminal amino acid sequences determined to assess sequence homology 
with IPM 150 and IPM 200. Alternatively, previously undescribed glycoproteins were 
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identified on these blots using probes that bind foveal IPMC protein. In this case, amino acid 
sequences of the proteins in these bands were obtained to determine whether they are unique 
or whether they are glycanated variants oflPM 150 and IPM 200. Should they possess the 
same core protein, but different carbohydrates, the CNBR strategy can be employed to 
characterize their oligosaccharides. Concurrent with the biochemical studies, sections of 
normal human foveas were hybridized with various probes, including IPM 150 and IPM 200 
DNA probes, to determine whether messages encoding IPM 150 and/or IPM 200 are 
expressed in foveal cones. 
[320] 

[321] Example 4. Characterization of Other Identified Soluble and Insoluble IPMC 
Protein Constituents 

[322] An additional number of insoluble IPMC protein-associated glycoproteins and 
proteoglycans have been identified in human and monkey retinas. These include distinct 105 
kDa and 80 kDa glycoproteins bound by a number of EPM-specific antibodies, a 140 kDa 
proteoglycan that migrates on gels without prior chondroitinase treatment, and a 150 kDa 
neuraminidase-resistant PHA-L-binding glycoprotein. These molecules can be characterized 
using procedures similar to agarose gel electrophoresis, in combination with Western blotting. 
Proteins are separated on one- or two-dimensional gels, transferred electrophoretically to 
nitrocellulose membranes and proteins or CNBR/tryptic peptides derived from them 
sequenced. Unique proteins are characterized further. The sequence information are then 
used to design degenerate oligonucleotide probes for RT-PCR of retinal RNA using a strategy 
similar to hat employed in isolating IPM 150-associated cDNA clones. 
[323] The HPLC-purified peak that contains 800-900 kDa molecules following 
chondroitinase treatment can be digested with CNBR to determine whether this high 
molecular weight IPM components contains glycoconjugates other than IPM 150 and IPM 
200. This is accomplished by comparing the CNBR peptide profiles to those of IPM 150 and 
IPM 200. If these profiles suggest the existence of additional molecules, these fragments are 
collected and subjected to amino acid sequencing to determine potential homology to other 
molecules. It is also anticipated that this high molecular weight peak can contain hyaluronan; 
this is based on our hypothesis that IPMC hyaluronan can stabilize the IPMC protein through 
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interactions with CD44 and/or IPM 150 and IPM 200. In order to determine the presence of 

hyaluronan in this peak, the peak are analyzed using FACE. 

[324] 

[325] Example 5. Preparation of Anti-IPMC Antibodies 

[326] a. Generation of Antibodies Directed Against IPM 150- and IPM 200-Derived 
Peptides . Polyclonal antibodies are generated against amino- and carboxy-termini peptides of 
IPM 150 and IPM 200. If the core protein amino acid sequences are strikingly similar, it is 
unlikely that synthetic peptide antibodies distinguish between the two proteoglycans. If this is 
the case, antibodies are generated against CNBR-derived peptides from IPM 150 and IPM 200 
that share the same, or similar, amino acid sequences, but exhibit significant differences in 
their oligosaccharide compositions. 

[327] b. Synthetic and CNBr Peptides as Immunogens . Two general approaches are 
available for generation of synthetic peptides; these include preparation of antigens from 
bacterial over expression vectors or synthesis of peptides by solid-phase technology. Both 
approaches have their inherent advantages and disadvantages. The solid-phase approach has 
major advantages if the antigen is known to be highly conserved because of the way in which 
the peptide is displayed to the immune system, since particular regions of protein can be 
targeted specifically for antibody production, and because they can be prepared immediately 
after determining the amino acid sequence. However, the disadvantages are that the resulting 
antibodies may not recognize the native antigen and that they are more expensive to produce 
than bacterial fusion protein antigens. 

[328] c. Immunizations and Screening of Antisera . New Zealand white rabbits and 
chickens have been utilized for the development of heterologous antisera against IPM 150- 
and IPM 200-derived peptides. Synthetic and CNBr-derived IPMC peptides are coupled to 
keyhole limpit hemocyanin (KLH) using glutaraldehyde as a crosslinker prior to 
immunization. Some rabbits can be immunized with nonsense peptides of the same size; the 
resulting antisera are used as controls. Other carriers (including BS A, ovalbumin or PPD) and 
bifunctional crosslinkers, can be utilized in the event that KLH-conjugated peptides precipitate 
or do not elicit an immune reaction. As an alternative strategy, multiple antigen peptides 
(MAPS) can be synthesized on an immunologically inert lysine dendritic core using F-moc 
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chemistry. Anti-peptide polyclonal antibodies with high titer values can be generated using 
this relatively new technique. 

[329] Immunogens are injected subcutaneously (500 pi/site; 10 sites/animal) and/or 
subscapularly (100 ul/site; 40 sites/animal). Test bleeds from the marginal ear vein (5-10 ml) 
are made 7-14 days following the second immunization and assayed for specific activity by 
immunofluorescence and immunoblotting. Rabbits producing relatively high titers of specific 
antibody activity are continued on "booster" immunizations every 6 weeks. These animals are 
bled every two weeks and the antisera stored in aliquots at -80°C. Polyclonal antibodies raised 
against peptides are purified from rabbit anti-serum on a column of the immunogen coupled to 
thiol-Sepharose 4B (Pharmacia, LKB, Biotechnology). Antibodies are eluted with 0.1 M 
glycine HCI (pH 2.8) into Tris-buffered saline (0.02 M Tris-HCl, pH 7.4, and 0.15 M NaCl) 
and dialyzed. Antibody capture assays using purified peptide of origin coupled to a solid 
phase (e.g. ELISA) can be used to determine antigenicity, to quantitate antibody titers, and to 
compare epitopes recognized by different antibodies. This approach allows one to determine 
rapidly whether antibodies distinguish between IPM 150- and IPM 200- derived or synthetic 
peptides. Chickens have been immunized using a similar protocol except that IgY is isolated 
from egg yolks. 

[330] Once the antibodies are generated, they can be screened on Western blots and tissue 
sections to determine their specificities for native IPM 150 and IPM 200. Controls include the 
use of preimmune sera and nonsense peptide antibodies. For immunogens coupled to KLH, 
positive sera are screened in assays using a second glutaraldehyde-coupled peptide since, in 
some cases, the glutaraldehyde bridge forms a portion of an epitope recognized by the 
antibody. Antibodies to carrier proteins or to the coupling reagent are removed by affinity 
purification of the anti-peptide antibodies on columns prepared with conjugates of the peptide 
to a second carrier molecule. Based on previous experiences, it is anticipated that antibodies 
of high titer can be produced that distinguish IPM 150 from IPM 200. 
[331] d. Generation of Monoclonal Antibodies . Monoclonal antibodies have been 
generated using an in vivo immunization technique known generally in the art. Balb/C mice 
were immunized with IPM 150 and IPM 200 peptides. Hybridomas showing high specific 
antibody concentrations and activity were cloned by means of limiting dilution and the 
monoclonal antibodies produced employed in immunohistochemical and morphological 

69 



assays. Some hybridomas were propagated as ascites tumors by injection of these cells into 
pristane-primed Balb/C mice. 

[332] e. Lectin and Antibody Immunohistochemistry . Eyecups from normal, immature, 
aged and diseased humans were fixed in 4% formaldehyde in lOOmM sodium cacodylate 
buffer, for 2-4 hr, and then rinsed for 6 hr, embedded in acrylamide, frozen in liquid nitrogen, 
and sectioned to a thickness of 5-6 pM. FITC-conjugated lectins or antibodies, followed by 
the appropriate FITC-conjugated secondary antibodies, are applied to sections as published 
previously. Competitive haptens, preimmune sera and other appropriate controls are utilized 
in all studies. 
[333] 

[334] Example 6. Substructural Localization of IPM 150 and IPM 200 in Cone Matrix 
Sheaths 

[335] a. The CMS is not only a biochemically distinct component of the IPM, but is 
structurally distinct as well. Longitudinally-orientated filaments extend the entire length of the 
CMS and terminate in filamentous rings at its apical and basal ends. The relationship of IPM 
150 and IPM 200 to the longitudinal filaments of CMSs and elucidation of their topographical 
association with VnR at the surface of cone inner segment ellipsoids and rod photoreceptors 
can be determined as follows. 

[336] Retinas were dissected from human and monkey eyes and rinsed in ice cold lOmM 
PBS, pH 7.4, containing 1 mM CaCl2 and 1 mM MgCl2 and placed in ice-cold distilled water 
containing 2mM CaCl2 to remove sheets of insoluble IPM. The isolated IPMC preparations 
were then transferred to calcium-free distilled water, which resulted in expansion of CMSs, 
thereby facilitating visualization of their substructural organization. IPMC protein 
preparations were fixed in 4% paraformaldehyde, in some cases. These preparations were 
subsequently exposed to one or more FITC-conjugated lectins, IPM 150/IPM 200 synthetic 
peptide-and CNBr-derived antibodies, and/or other IPM-binding antibodies, followed by 
exposure to the appropriate secondary antibody conjugated to FITC or rhodamine. 
Appropriate controls were utilized to confirm specificity. 

[337] The IPMC protein preparations were visualized by epifluorescence or confocal 
microscopy to determine the distribution of antibody-recognized epitopes. Confocal 
microscopy using a BioRad MRC-600 laser scanning confocal imaging system permitted 
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visualization of thin optical sections; a Z-series of serial confocal images was recorded and 
computer assembled to give a three-dimensional image of the labeled IPM. Kalman averaging 
of confocal images was performed with at least 20 images taken at each level and images 
analyzed using COMOS, a windows-driven software program. If higher resolution is required, 
electron microscopic immunocytochemistry can be performed. 

[338] b. In Situ Hybridization . In situ hybridization was used to determine the cellular 
sources of specific mRNAs encoding IPMC protein molecules. Using the Riboprobe®System 
(Promega), 35 S-labeled anti-sense and sense RNA probes were synthesized from a 605 bp 
fragment of the human IPM 150 cDNA, spanning from bases 1636 to 2241 in the presence of 
ribonuclease inhibitor and the appropriate primer (T3 or T7 depending on the desired 
template). Eyes and other tissues were fixed in 4% paraformaldehyde (+/- 0.5% 
glutaraldehyde), dehydrated in ethanol and embedded in diethylene glycol distearate. 1 jam 
thick tissue sections were cut, the embedding medium removed with toluene, and the tissue 
rehydrated with decreasing amounts of ethanol in DEPC-treated water. Sections were then 
incubated in 0.1 M triethanolamine and 0.25% acetic anhydride, pH 8.0, subsequently rinsed 
in 2X SSC and water, and then air-dried. Hybridization was conducted in 15 ul hybridization 
buffer composed of 50% formamide containing lOmM Tris-HCl, 0.3M NaCl, pH 8.0, 1 mM 
EDTA 10% dextran sulfate, 5 ug/ml yeast tRNA, 100 mM DTT, IX Denhardt's solution and 
4x1 0 5 dpm of probe, at 42°C, for 14-16 hr. Evaporation was prevented by covering the 
sections with a NaOH-washed coverslip and sealing the edges with rubber cement. A negative 
control, consisting of the sense probe, was present on an adjacent tissue section on each slide. 
[339] After hybridization, the coverslips were removed and unhybridized probe rinsed off 
using several washes of 4X SSC, followed by a treatment with DNase free RNase A 
(lOug/ml). The slides were washed twice for 15 min in 2X SSC, at room temperature, and 
three times for 15 min in 0.1X SSC at 45°C followed by dehydration in increasing 
concentrations of ethanol. The slides were dipped in a 1 : 1 dilution of Kodak NTB-2 emulsion 
and stored in a light-tight box at 4°C. At various exposure times, slides were developed in 
D19, stained with 1% toluidine blue and visualized by light microscopy. Provided section 
thickness is constant and that control and experimental slides are processed at the same time 
and in replicates, quantitative date (grains/um 2 of tissue) can be generated, if necessary. 
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[340] c. In Situ RT-PCR . To distinguish between various populations of cells (e.g. rods 
versus cones) in developing, aging and/or pathologic retinas, in situ RT-PCR can be utilized. 
Larrick (1992), Trends Biotechnol. 10:146-152; Wang et al. (1989), Proc. Natl. Acad. Sci. 
USA 86:9717-9721. Fresh tissue can be fixed in 4% paraformaldehyde in PBS, washed in 
PBS, dehydrated in a series of graded ethanols and embedded in paraffin. Staecker et al. 
(1994), Biotechniques 16:76-80. 3 urn sections are cut and mounted on silanized slides, 
paraffin is removed at 55°C and the tissue is rehydrated. The sections are digested in a 
solution of 1 pg/ml Pronase in 50 mM Tris-HCl, pH 7.5, and 5 mM EDTA for 30 min at 37°C 
and then washed. DNA is degraded by an overnight incubation in RNase-free DNase in the 
presence of RNase inhibitor and the solution removed by washing the slides in a large volume 
of 50 mM Tris-HCl, pH 7.5. 

[341] RNA exposed on sections is reverse transcribed in 1 0 pi of a buffer containing 5 mM 
KC1, 1 mM Tris-HCl, pH 8.3, 5 mM MgCl, 10 mM dNTPs, 1 ng downstream primer, lul 
RNase inhibitor, 8 pi DEPC-treated water and 20U M-MLV reverse transcriptase. The 
specimens are covered with Parafilm and incubated in a moist chamber, at 42°C, for one hr. 
The RT mixture is then replaced with a PCR mixture including 1 00 ng PCR primers and 1 pi 
a 35 S-dATP. The specimens are then coverslipped and heated to 75 °C. Once this temperature 
is achieved the coverslip is removed and a preheated aliquot containing 1 pi Taq polymerase 
added for 20 cycles of amplification. Slides are washed and processed for autoradiography. 
[342] To determine absolute differences in the abundance of particular mRNAs in 
developing, aging or diseased tissues, e.g., retinas, quantitative competitive RT-PCR can be 
employed. Wang et al. (1989), Proc. Natl. Acad. Sci. USA 86:9717-9721; Golde et al. (1990), 
Neuron 4:253-267. This technique is accurate enough to detect differences in mRNA levels as 
small as 2-3 fold. 

[343] d. RNA Isolation . Total RNA was isolated from retinal, other ocular, and 
extraocular tissues (all major organs) based on the method of Chirgwin et al. (Chirgwin et al. 
(1979), Biochemistry 18:5294-5299), except that cesium trifluoro acetate (Pharmacia) was used 
instead of CsCl, or by using TRIzol (Gibco BRL) in a protocol based on the method of 
Chomczynski and Sacchi (Chomczynski and Sacchi (1987), Anal. Biochem. 162:156-159). 
The resulting pellet was stored at -80°C until required for cDNA synthesis, Northern blot 
analyses or RT-PCR. When mRNA was required, it was isolated from total RNA using an 
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oligo-dT cellulose-based protocol (Micro Fast-Track-mRNA Isolation kit; Invitrogen Corp.) in 
which poly (A) + RNA was bound to oligo(dT) cellulose, washed and subsequently eluted. 
This method permitted the isolation of 1-5 ug poly (A)+ RNA per human retina. The 
quality /integrity of RNA obtained was assessed on agarose gels and on Northern blots. 
[344] e. Northern Blot Analyses : Total RNA and/or poly (A) + RNA from various ocular 
and non-ocular tissues was isolated as described above and fractionated on denaturing 
(formaldehyde-containing) agarose gels. Prior to electrophoresis the samples were denatured 
by heating at 55°C, for 15 min., in 6.5% formaldehyde and 50% formamide in MOPS running 
buffer (40 raM morpholinopropanesulfonic acid, pH 7.0, containing 100 mM sodium acetate 
and 10 mM EDTA). After electrophoresis, the samples were transferred to nitrocellulose or 
nylon-based membranes by capillary transfer using 20X SSC. The RNA immobilized on the 
membranes was hybridized with a specific 32 P-labeled cDNA probe (clone 70-1-1, 
corresponding to bp 350-899 of the human cDNA) for detection of the corresponding 
transcripts and a control actin cDNA to ascertain successful transfer and integrity of the 
sample. 

[345] f. Tissue Expression . A commercially available RNA dot-blot containing 1 00- 
500 ng poly A + RNA from various human tissue sources (Clontech Laboratories Inc., Palo 
Alto, CA) was probed with a 32 P-labeled cDNA corresponding to nucleotides 817-3160 of 
human IPM 150. Hybridization and rinse conditions were exactly as described above. 
[346] In order to determine the cellular source(s) of IPM 150, Northern and in situ 
hybridization analyses have been conducted. IPM 150 cDNA probes hybridized to a 3.9 kb 
transcript that is present in relatively high abundance in retinal RNA. Occasionally, a larger 
transcript of approximately 6.5 kb was also detected, albeit at a much reduced signal strength. 
No signal was detected on Northern blots of RNA isolated from RPE/choroid, iris or cornea, 
suggesting that, in the human eye, IPM 150 was transcribed only in the neural retina. Dot blot 
analyses of polyA + RNA from 50 different adult and fetal human tissues indicate that IPM 
150 mRNA, or transcripts with a similar nucleotide sequence are present in adult lung, liver, 
kidney, thymus and small intestine. Weak hybridization to fetal lung and thymus RNA as well 
as a number of additional adult tissues, was also observed. Distinct hybridization of IPM 150 
antisense riboprobes to the human retinal outer nuclear layer (ONL) was observed on sections 
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of human retina, RPE and choroid. IPM 150 transcripts were present within both rod and cone 

photoreceptor cells. No labeling of any other region was observed. 

[347] 

[348] Example 7. In Vivo Assessment of RGD-Dependent Adhesion System 
[349] a. In order to determine whether adhesion is maintained by an RGD-dependent 
mechanism involving IPM 150, IPM 200, and/or other IPMC constituents in normal versus 
diseased tissue, a variety of blocking antibodies and RGD-containing peptides are injected into 
the subretinal space of monkeys and pigs. RGD-containing peptides and/or antibodies 
directed against integrins have been used to inhibit cell adhesion in culture. Akiyama et al. 
(1989),./ Cell Biol. 109:863-875; Hayashi et al. (1992), J. Cell Biol. 119:945-959; Ruoslahti 
(19SS), Annual Rev. Cell Biol. 4:229-255; Wayner et al. (1991), J. Cell Biol. 113:919-929. 
Similarly, antibodies to various cell adhesion molecules have been utilized to perturb adhesion 
in the retina in vivo . Hageman et al. (1995), Arch. Ophthalmol. 113:655-660. 
[350] Pigs can be utilized for these studies in order to develop the assay and to provide initial 
information. Provided these initial studies perturb retinal adhesion, the results are confirmed 
in monkeys. Groups of 4 pigs each are injected subretinally with either 1) RGD-containing 
peptides known to inhibit VnR-based adhesion (GRGDSP, GRGDTP, GdRGDSP, n-Me- 
GRGDSP, GRGDSP AS SK, and GPenGRGDSPCA) or, 2) blocking VnR antibodies [mouse 
anti-human aV|35 (PVF6); mouse anti-human aV (VNR147 and VNR139); rabbit anti-human 
aVp3/5]. Initially, F(ab) or F(ab) 2 fragments of these antibodies can be prepared and utilized. 
Peptides (50 pg/ml) or antibodies (1:100) are dissolved in Hanks solution, pH 7.3, and loaded 
into a micropipette with tip diameter of approximately 50 urn. The micropipette is inserted 
through a limbal slit and passed across the vitreous until the tip penetrates the central retina. 
Approximately 5 pi is injected into the subretinal space, creating a small 3-4 mm diameter 
retinal detachment. A similar bleb is made in another quadrant using Hanks solution 
containing non-sense peptides or antibodies or Hanks solution alone. IPMC protein diffusion 
is confirmed by injecting a 14 C-labeled peptide followed by tissue autoradiography. 
[351] ERG recordings are made on each of the 4 animals in each group immediately prior to 
euthanasia at 6 hr, 12 hr, 24 hr and 48 hr following injection and retinal adhesion estimated 
using an established peeling assay. Garvey et al. (1988) in Peptides: Chemistry and Biology, 
G. R. Marshall, ed., ESCOM, Leiden, Netherlands. In brief, eyes are enucleated rapidly 
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(within 15-30 seconds) and the retinas are peeled manually from the RPE in the quadrant 
containing the retinal bleb, within 30 sec after enucleation. The peeled retinas are fixed for 
immunohistochemical studies to determine the effects of these peptides and antibodies on IPM 
structure (especially cone matrix sheaths) and to determine the percentage of retina covered 
with pigment (to be scored 0-100%, in increments of matrix sheaths) and to determine the 
percentage of retina covered with pigment (to be scored 0-100%, in increments of 10%, where 
100% indicates firmest adhesion). A zone of decreased or no pigment adherence around the 
original injection sites indicates a loss of retinal adhesiveness beyond the site of injection, 
providing evidence that the VnR participates in adhesion via an RGD-dependent system. This 
assay is based on previous observations suggesting that the attachment of cone matrix sheaths 
to cells of both the RPE and the neural retina is sufficiently strong to result in layers of RPE 
being separated from Bruch's membrane following manual separation of the neural retina from 
the RPE within two minutes of death in primates. The basis for this post-mortem loss in 
adhesiveness is most likely related to physiological dysfunction of an adhesion receptor-ligand 
system, rather than to degradation of IPM (especially cone matrix sheaths) constituents since 
no changes in either the structure or distribution of the IPM-associated molecules is observed 
until approximately 3-4 hours post-mortem in human eyes. The procedures outlined above 
must be conducted within the first couple of minutes of death to provide meaningful data, 
since the molecular mechanism that mediates adhesion between the IPM and RPE is extremely 
sensitive to post-mortem changes. Burns and Feeney-Burns (1980), Trans. Am. Ophth. Soc. 
78:206-225. The most straight forward result is one in which the retina easily separates from 
(or falls off) the RPE in a large zone surrounding the initial injection sight. In addition to the 
peeling assays, the effects of perturbants on retinal adhesion can be assessed anatomically. 
Krol et al. (1988), BioTechniques 6:958-976. 

[352] b. Identification of RGD Consensus Sequences in IPM 150 and IPM 200 . Once 
obtained, the complete amino acid sequences of IPM 150, IPM 200, and other IPMC 
glycoprotein core proteins can be examined for the presence or absence of RGD consensus 
sequences. If an RGD consensus sequence(s) is identified, one can confirm that these 
proteoglycan core proteins are capable of binding to the VnR associated with photoreceptor 
and RPE cells. The techniques outlined below can be employed toward this goal. 
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[353] c. IPMC Peptide Antibodies . In the event that IPM constituents contain RGD 
consensus sequences, antibodies can be generated against synthetic peptides containing the 
RGD sequence and adjacent flanking regions (or, if necessary, CNBr-derived peptides 
containing the RGD sequence). The specificity of these antibodies for an epitope containing 
RGD can be assessed using solid phase antibody capture assays. In addition, the binding of 
these peptide antibodies to native IPMC proteins can be assayed immunohistochemically. 
Provided these antibodies bind native IPMC proteins, they can be utilized in perturbation 
assays aimed at assessing the involvement of these constituents in retinal adhesion as outlined 
in above. 

[354] d. Ligand-Receptor Blottins . Isolated outer segments and cultured RPE cells 
(which express VnR) can be extracted for 1 hr, at 4°C, in PBS containing 2mM PMSF, and 
200 mM octylglucoside. This lysate is separated by non-denaturing PAGE and transferred 
electrophoretically to nitrocellulose membranes. Lazarus and Hageman (1992), Invest. 
Ophthalmol. Vis. Sci. 33:364-376. These membranes are incubated with biotinylated IPM 150 
or IPM 200 core protein. The blots are washed and incubated with HRP-conjugated 
streptavidin and color-developed in DAB containing 0.01% hydrogen peroxide. Adjacent 
lanes are probed with polyclonal antibodies directed against aV and (33/5 subunits and/or 
aV(33/5. Binding of IPM 150 or IPM 200 core proteins to these subunits indicates that IPMC 
proteins are capable of binding to VnR. 

[355] e. IPM Core Protein Affinity Chromatography . IPMC protein core affinity 
columns are prepared by coupling 0.5 mg of proteoglycan core (either deglycosylated native 
proteoglycan or bacterially-expressed core) to 1 ml Sepharose CL-4B beads after CNBr 
activation (0.05 g/ml beads). RPE and outer segment lysates are centrifuged at 1000 g for 10 
min, their supernatants subjected to the affinity column pre-equilibrated with 50 mM 
octylglucoside and 1 mM PMSF in PBS, pH 7.4, and eluted with a linear gradient of 0.15-1 M 
sodium chloride and/or RGD-containing peptides in the presence of MgCl 2 , CaCL 2 or EDTA 
followed by 0.1 M glycine and 8M urea. A control column is made using BSA coupled to 
Sepharose CL-4B. Fractions eluted from the column are analyzed on Western blots using 
antibodies directed against the aV and p3/5 subunits of the VnR. If necessary, RPE cells are 
labeled with 125 I using the lactoperoxidase-catalyzed iodination for 40 min on ice to label VnR 
prior to chromatography. 
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[356] f. Identification of Other Retinal Adhesion-Related Lisands in the IPMC Protein . 
Based on the observation that VnR and CD44 are associated with the plasma membranes of 
cells bordering the interphotoreceptor space, these adhesive receptors can mediate the linkage 
of photoreceptor, Midler and RPE cells via are yet unidentified IPMC ligand(s). Since it is 
known that CD44 interacts specifically with hyaluronan and that the N-terminus of IPM 150 
contains two potential hyaluronan binding motifs, we speculate that hyaluronan can stabilize 
the IPMC protein through interactions with CD44, IPM 150 and/or IPM 200. Such a system 
provides a framework for a molecular model of retinal adhesion, whereby IPMC proteins are 
bound to the extracellular domains of VnR and hyaluronan, on the one hand, and to CD44, on 
the other. 

[3571 Hyaluronan (hyaluronic acid, hyaluronate), a high molecular mass polysaccharide 
secreted by many cell types, often plays a dynamic role in cell-extracellular matrix 
interactions. Ellison et al. (1991), J. Biol. Chem. 266:21150-21157. Immunohistochemical 
studies of normal, developing and aging primate retinas, employing antibodies directed against 
hyaluronan (e.g. clone N-DOG1), can be conducted to confirm the presence of hyaluronan 
within the IPM and to identify its distribution. The use of acrylamide embedding is 
advantageous in these investigations since it avoids the artifactual redistribution of normally 
hydrated IPMC proteins that occurs following tissue dehydration. The topographical 
relationship of hyaluronan to other IPMC proteins, including IPM 150 and IPM 200, can be 
assessed using isolated preparations of insoluble IPMC protein and the presence of hyaluronan 
in isolated IPMC protein can be determined biochemically using FACE. In addition, a battery 
of antibodies directed against various hyaluronan-binding proteins/ receptors and epitopes and 
other ligands bound by CD44 and VnR can be screened on sections of retina, as they become 
available. 
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SEQ ID NO: 29 Rat IPM 200 N-termianl amino acid sequence 

Ser lie Leu Phe Pro Asn Gly Val Arg lie Cys Pro Ser Asp Thr Val 
15 10 15 

Ala Glu Ala Val 
20 



SEQ ID NO: 30 Pig IPM 200 N-termianl amino acid sequence 

Xaa Val Leu Phe Pro Asn Gly Val Lys lie 
15 10 



SEQ ID NO: 31 Pig IPM 150 N-termianl amino acid sequence 

Xaa Val Phe Phe Pro Thr Gly Val Lys Val Xaa Pro Gin Glu Ser Met 
15 10 15 

Lys Gin lie Leu 
20 



97 



